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BIOCHEMICAL SEMICONDUCTORS 


A general survey of mechanisms 


Epwarp L. Kropa* 


Many biological substances contain a high degree of unsatura- 
tion involving olefinic, acetylenic, as well as multiple ring un- 
saturation. Perhaps the most familiar aliphatic unsaturation in 
conjugate form may be seen in the carotenes and other precursors 
of vitamin A and the xanthophylls. The triply bonded unsatura- 
tion compounds such as the polyacetylenes are widely scattered 
in plant tissue, but their nature and function are not known. Of 
more immediate consideration are the aromatic, conjugate ring 
systems where one finds the polyquinones.(13) One of these 
substances known as hypericin causes photosensitivity in ani- 
mals. The disease has been common in Australia where sheep 
have consumed St.-John’s-wort and have succumbed in sunlight. 
Another polyconjugate ring system which leads to a photody- 
namic response is fagopyran, a naturally occurring polyquinone 
which is found in buckwheat. Perhaps in this general scheme of 
polyconjugate systems, one might place melanin, the pigment 
which is present in the skin of negroes. 

Of greatest immediate importance, however, in the resonating 
conjugate molecules, are the porphyrin ring systems of com- 
pounds. Present in all living tissue, whether animal or vegetable. 
are complex pigments known as porphyrins. From the chemical 
viewpoint these porphyrin compounds are natural pigments con- 
taining a complex ring structure where four five-membered rings 
are imbedded in a 16-membered ring cycle. The larger ring con- 
tains a hole sufficiently large to introduce a variety of metals. 

In plants the metal, magnesium, is coordinated with this ring 
complex in the chlorophyll molecule. This substance is capable 
of acting as a catalyst, in the presence of sunlight, to combine 
carbon dioxide and water to form sugars. A similar porphyrin- 
like substance combined with iron may be found in hemoglobin 
containing protoporphyrin IX, which combines with oxygen, 
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permitting this element to be delivered to all portions of the body 
and brain. Iron in a similar complex is found in cytochrome C, 
an enzyme important in oxidations which occur at modest tem- 
peratures. The metal cobalt is complexed with a 15-membered 
porphyrin compound and is the basis of the antianaemic factor 
as Vitamin B,»,. 

Actually, porphyrins containing other metals find themselves 
in unusual environments; the copper complex, as the hemo- 
cyanin, is found in the blood of the octopus. A somewhat similar 
substance plays a role in the metabolic processes of the horseshoe 
crab. Copper complexes may be found in the feathers of the 
tropical birds of Central Africa such as the Turacus. Other por- 
phyrins may be found in the mollusc, the pteria radiata, and still 
other porphyrins in the urine and in the faeces. From the pale- 
ontological point of view, it is instructive to note the stability of 
these pigments. By means of fluorospectroscopy, it has been 
possible to identify porphyrins (as coprolites) in crocodile excre- 
ments dating from the Eocene age, about 25 million years ago. 

Other porphyrins have been found in certain rocks, coals, 
mineral oils, petroleum, and bitumens indicating the animal or 
vegetable origin of many of these substances. In fact, so wide- 
spread is this porphyrin molecule that it appears to be the basic 
catalyst of all living matter. Not only is it found as a biological 
pigment, but this same functional group is the prosthetic end of 
enzymes which catalyze oxidation-reduction reactions. 

There is no question but that the type of metal imbedded in 
the porphyrin molecule plays an extremely important part in 
catalysis. Chlorophyll catalyzes many reactions other than pho- 
tosynthes's. For example. Schenk found that, using chlorophyll 
as a sensitizer, he could oxidize certain terpenes to ascaridole and 
cyclohexadiene to norascaridole. Warburg and Luettgens (18) 
found that chlorophyll catalyzed the oxidation of hydroquinone 
to quinone. 

Chemically the porphyrins present the hybridization of a 
number of diverse characteristics; one has in this architecture a 
union of both acidic and basic functions, a characteristic which is 
found in pyrroles. Through the various canonical resonance ar- 
rangements, the porphyrins may function as oxidation-reduction 
systems. Not to be overlooked is the fact that through the presence 
of the large hole in the center of the molecule, one may combine 
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organic molecules with a wide range of metallic elements that 
may exist in both chelated and in ionic arrangements. As pig- 
ments, the porphyrins are the most deeply colored of biological 
materials, enabling them to absorb light energy to become 
fluorescent and in certain instances act as photoconductors. The 
present studies suggest that this same structure may be the key 
component in the electrical conductivity in organic compounds. 
It would be difficult to select any one system of substances which 
possess a greater versatility and a wider range of physical di- 
versity. They appear to be fundamental elements in all life 
whether animal or vegetable. 

A wide variety of nervous tissue is ample demonstration of the 
concept that organic compounds conduct an electric current. The 
wires in circuitry have been anticipated by nerve fibers. In fact, 
there is much to be learned from the field of neurology. For 
example, neurologists have recognized that there are two types of 
nerves, namely, the myelinated and the unmyelinated types. The 
former possesses an insulating sheath, whereas the latter exists 
in a conducting matrix without shorting. One should add, how- 
ever, that the strict analogy of myelination and ‘nsulation in the 
conventional sense appears unwarranted. While the myelinated 
sheath contains lipids, these fatty particles are combined in an 
oriented form with proteins. Where fatty particles are deposited 
and where one might expect superior insulation in the conven- 
tional sense, one finds, on the contrary, that such deposition of 
fat is an indication of pathological changes. 

If one examines the problem of nerve conduction critically, 
one is faced with the fact that there is a limitation in our funda- 
mental knowledge concerning the identification of the central 
synaptic transmitting substances. As Eccles(4) has indicated, an 
outstanding gap is the identification of almost all of the central 
synaptic transmitter substances. If this material could be identi- 
fied, entirely new investigations might be considered. The pur- 
pose of this paper is to explore the evidence which concerns the 
conductivity of a number of organic substances and to try to 
extrapolate this information from the biological and particularly 
to the neurophysiological domain. 

Something is transmitted along a nerve, but what the thing is 
that is actually transported, is a matter of conjecture. In certain 
respects it possesses the properties of a wave. Because the speeds 
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involved are up to 100 meters/sec. in a medullated nerve in the 
mammal, it is incredible that discrete particles of any substance 
are propagated along the nerve filament. The nature of this 
substance is important in that it must be the basis of all nervous 
activity and presumably plays a part in thought processes as well 
as in nerve conduction. From one viewpoint the properties of the 
transmitted or transmitting substance are as important to neu- 
rology as the atom is to chemistry and the nucleus to the physicist. 

Some idea of the force involved may be demonstrated from the 
anatomy of the electrical fishes. In the Japanese electric ray the 
functional generator comprises about 200 hexagonal prisms, 
1 x 1.5 cm comprising 400 electric plates in series. Each plate 
contains a clear, jellied mass which is indistinguishable from 
other protoplasm. The nerves from this area are connected to a 
lobe in the brain. Each one of these plates develops a potential 
which must be similar to what occurs on the surface of a nerve. 
The chief difference is that where nerves are arranged in parallel, 
the arrangement in the electric ray is in series, permitting a 
small potential of from 25-50 m.v. to be augmented to 30 v. 
under the proper stimulus. In sea water such a current can have 
a stunning effect on fish life. Other than the arrangement in 
series. there is no reason to believe that the fundamental 
chemistry differs in the electric fishes from that in the nerves 
of mammals. (9 

While at present there is no reason to associate the porphyrin 
molecule with such neurohumoral substances as acetylcholine. 
noradrenaline. 5-hydroxytryptamine, and y-aminobutyric acid. 
there are a number of known pathologies involved in modifica- 
tion and changes in porphyrin metabolism such as in gastro- 
intestinal disorders; in derangements of the liver; in diseases of 
the blood such as hypochromic anaemia, in pernicious anaemia. 
in anaemias associated with the destruction of the erythropoietic 
system, and in hemolytic anaemias; in skin diseases; and in a 
number of infectious conditions and intoxications such as the 
porphyrinurias associated with such narcotics as sulfonal, trional. 
and veronal, and in the porphyrinurias associated with lead and 
carbon monoxide poisoning. Porphyrins are also intimately con- 
nected with the function of certain of the vitamins and in par- 
ticularly, one may note the photosensitivity of the skin in pel- 
lagra. There are still other diseases associated with deranged 
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porphyrin metabolism such as congenital porphyria, idiopathic 
porphyria, and in porphyria cutanea tarda. It is known that the 
nervous system participates in the symptoms of acute idiopathic 
porphyria, and there are frequent psychic manifestations charac- 
terized by changes in personality, in agitation and hallucina- 
tions.(15) It is not known how many of the porphyrias involve 
metal-free complexes and what diseases are associated with 
porphyrins together with chelated metals. but acute porphyria 
has mimicked so many diverse conditions that it deserves the 
soubriquet of the “Little Simulator”. (17) 

Much of the speculation concerning conductivity in nervous 
tissue and porphyrins would be quite meaningless were it not for 
the fundamental observations made by Kliiver(10). He detected 
the presence of metal-free porphyrins in the brain and in the 
spinal cord of animals, particularly the warm-blooded variety. 
and of birds. This observation appears to be of fundamental sig- 
nificance. The pigment appeared more concentrated in the spinal 
column than in the cerebrum and is absent in those regions where 
cytochrome is clearly present such as in the cerebral cortex, in 
the caudate nucleus, and in the putamen. It is well to keep in 
mind that there was great difficulty in demonstrating the 
presence of these metal-free materials because of their extreme 
lability and instability to light and air. Kliiver(11) emphasized 
that porphyrins and deranged porphyrin metabolism were in 
some manner associated with nervous diseases and with psychic 
disturbances. 

Little is known of methods by which 16-membered ring sys- 
tems may be synthesized, but both direct and indirect procedures 
are being studied by Linstead.(12) The synthesis, however, is 
but one aspect of the problem; it is known that the arrangement 
of the porphyrin residues in the polymeric biological molecules 
is extremely important. It is known that the hemoglobin mole- 
cule contains four porphyrin residues arranged in some manner 
as if they were on the outside of a cylinder. The chlorophyll in a 
leaf is arranged in some sort of a planar matrix. 

Porphyrin chemistry is complex because of the large number 
of isomers which may be present. Much of the elucidation of 
structure is directed to the preparation of the exact isomer which 
exists in the natural product. Since there are eight substitution 
points available in the porphyrin ring system, leaving out the 
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corner portions, it may be seen that a large number of derivatives 
are possible. The complexity is further increased by the union 
with various metals. Moreover, in the preparation of porphyrins 
the yields may be disappointingly small. 

Phthalocyanines and porphyrins possess analogous ring sys- 
tems. Both contain pyrrole residues imbedded in a 16-membered 
ring complex, and both compositions permit coordination with 
metals (Figure 1). The differences reside in that the 
phthalocyanines possess, in addition, a benzene ring attached to 
the pyrrole, as an isoindoline residue; and four carbons in the 
porphyrin ring system are replaced by nitrogen. The phthalo- 
cyanines are often called azporphyrins (Figure 2). 

There is considerable information in the literature on both 
phthalocynanines and porphyrins, but the data are of a very 
different nature. Phthalocyanines have been investigated because 
they form the basis of stable pigments of excellent tinctorial val- 
ue. An immense amount of information has been gathered con- 
cerning the crystal structure, the rearrangement of the crystals, 
and the relationship between structure and color. On the other 
hand, the emphasis on the porphyrins has been with respect to 
biological products, particularly toward enzyme and co-enzyme 
catalysis as well as oxidation-reduction reactions. Because of this 
different emphasis, extensive information may be available on 
some one characteristic and be completely lacking in the other 
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system. At times it is possible to conjecture missing information 
from analogous behavior and properties of the other derivatives. 
For example, there are elaborate studies on the structure of the 
phthalocyanines based on X-ray diffraction studies, but com- 
paratively little information is available on the porphyrins. 
One additional factor might be emphasized and that is the 
preparation of the two classes of derivatives. Because of the 
nature of the reaction and of the intermediates available, one 
can readily synthesize the complex ring system in phthalocy- 
anines; and as is known, these pigments are prepared in sub 
stantial tonnages. Where chemical reactions are employed with 
the phthalocyanines, such as sulfonation and chlorination, these 
steps are carried out after the formation of the complex ring 
system rather than before. Generally, the tendency is to avoid 
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isomers. The ease of preparation is in marked contrast to 
porphyrins. 

That the phthalocyanine ring system chelated with metals is 
not without activity may be seen in a number of reactions which 
had been catalyzed using such metal complexes. For example, 
Cook (3) found that iron phthalocyanine catalyzed the oxidation 
of benzaldehyde to benzoic acid, whereas Helberger and 
Hever(8) found that magnesium phthalocyanine converted 
tetraline peroxide to a-tetralone. Moreover, magnesium phthalo- 
cyanine exhibits a marked luminescence when heated with a 
peroxide(7). 

The problem of the “extra hydrogens” which is known in the 
chlorophyll is also present in the chemistry of the phthalo- 
cyanines. The location of these hydrogens is even more difficult, 
and the study of the dihydro compounds is complicated by the 
presence of a vinyl side chain(2). 

Rather than attempt the synthesis of the porphyrins where the 
yields are poor, attention was directed toward the preparation 
and measurement of the electrical conductivity of various 
phthalocyanines. However. through the judicious selection of 
reagents, it was possible to build up polymeric matrices where 
the various rings joined in a definite geometric arrangement. 
These various azporphyrin residues may be linked together into 
a high-molecular-weight product through resonance bridges in 
the benzene ring. 


Organic Semiconductors 

There have been numerous outcroppings in the physical 
chemical literature issuing from Great Britain, Japan, Russia. 
and the United States, indicating that some type of semicon- 
ductivity may be associated with organic materials. Much of this 
work is new, but it is apparent that, in a broad concept, the con- 
ductivity of organic compounds is a repetion of an old theme. 
There is no necessary relationship between electrical conduc- 
tivity and metallic structure on the one hand and electrical 
insulation and organic compounds on the other. In fact, most of 
our early knowledge of electricity stemmed from the organic 
domain, even to the derivation of the word electricity itself. 
A number of electrical phenomena were associated with such 
unsophisticated items as frog’s legs and cat’s fur. Anyone who 
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had handled an electric eel with due caution can readily appre- 
ciate that the generation and conductivity of electricity is not 
restricted to metallic substances. 


Semiconductors 


The definition of a semiconductor presents difficulties; the 
term covers materials which lie intermediate between insulators 
and conductors. From its derivation the word would mean one- 
half of a conductor, and this is rather meaningless. Initially 
semiconductors were used to designate those materials which 
were better conductors than conventional insulators but poorer 
conductors than metals. This transition-like definition was later 
applied to those substances which became more conductive with 
increasing temperatures. Such a definition presents problems 
because, at elevated temperatures, many insulators are con- 
ductors. Still later the term semiconductor was applied to those 
products which appeared to conduct because of entrained im- 
purities. A distinction was made between intrinsic semicon- 
ductors where there was an equal number of electrons and holes 
in the system and extrinsic semiconductors where conductivity 
was associated with impurities in the lattice. There was a further 
separation made concerning the type of impurities, that is, 
whether these impurities were positively charged and were 
donors as opposed to those impurities which were negatively 
charged and behaved as acceptors. Still another classification 
revolves around n- and p-types: the former possesses an excess of 
electrons which carry the current, and the p-type where the im 
purity is of the acceptor variety leaving holes which act as 
carriers. Studies have indicated that there are still other 
varieties of semiconductor materials where electrons and holes 
exist simultaneously and where conductivity may proceed along 
both avenues. From the practical viewpoint, however, an excel- 
lent rectifier may be prepared through a conjunction of n- and 
p-types of semiconductors. 


Unsaturation in Chemical Systems 


Based on the thesis that a long series of unsaturated residues 
would be desirable for electronic conductivity, one may consider 
one approach to such an arrangement by the elimination of polar 
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residues out of an appropriately substituted paraffinic polymer. 
By cleaving water out of a polyviny! alcohol, a polymeric, un- 
saturated ethylenic residue would result. A similar system might 
be formed by removing hydrogen chloride from polyvinyl 
chloride or hydrogen chloride from polyvinylidene chloride. 
Such experiments have actually been conducted, and one finds 
that there is formed an intermediate derivative which possesses 
characteristics of a semiconductor. Unfortunately, the composi- 
tion is not stable; in order to drive the hydrogen chloride out of 
the polymer, heat is required, and this heat results in the ac- 
celeration of another reaction which destroys the conjugate un- 
saturation. Such experimentation has been carried out by Baker 
and Winslow(19) at the Bell Laboratories. Two products have 
been studied; one from vinyl chloride, a polyene, and a 
“carbochloride” from vinylidene chloride. 

If the polymerization of olefins yields a saturated derivative, 
it would follow that the polymerization of a triply unsaturated 
residue, such as acetylene or a cyanide, would lead to a poly- 
conjugate. unsaturated product. From acetylene, of course, one 
would form benzene and the various aromatics, naphthalene, 
anthracene, phenanthrene, tetracene, pentacene, and the like. 
In addition, it is also known that in the direct polymerization and 
dehydrogenation of acetylene, a highly unsaturated polymer, 
cuprene, is produced. Various polymeric derivatives can also 
be prepared from cyanide compounds such as hydrogen cyanide 
and cyanogen yielding highly colored, polymeric hydrogen cya- 
nide and paracyanogen. There is still another procedure which 
cannot be overlooked and that is the combination of olefinically 
unsaturated and triply unsaturated residues in a single com- 
pound. With such a combination one may polymerize the olefinic 
portion to a saturated polymer having a plurality of triple un- 
saturations, which can be further reacted in the polymeric form 
to yield a conjugate system in the polymer. One example of such 
a reaction is the thermal rearrangement of polyacrylonitrile to 
the so-called black modification (Figure 3). If one continues this 
same arrangement of multiple ring systems, one is led im- 
mediately to dyestuffs and, in particular, polymeric dyes such 
as Aniline Black and Hydron Blue. Moreover, one may combine 
acetylenic and hydrogen cyanide residues in a single molecule 
forming phthalonitrile, which on polymerization yields phthalo- 
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cyanine, the highly conjugate, 16-membered ring structure. Re- 
cently there has been a plethora of publications from Russia on 
semiconductors based on repolymerized oxidized polyacry- 
lonitrile (14). 

Actually, Inokuchi(1) studied a large number of dyestuffs; 
the isoviolanthrones, the anthrones, the pyranthrones, as well 
as the corresponding anthrenes and found that in general the 
resistivities varied from about 10'* to 10°* ohm-cm—certainly 
not values which would be considered in the semiconductivity 
area. Only isoviolanthrone possessed a value under 10'° ohm-cm. 

Eley(5) and Vartanyan(16) offered evidence which demon- 
strated that the phthalocyanines might be considered semicon- 
ductors. In addition, there have been a number of papers issuing 
from the U.S.S.R. which indicated that the electrical conduc- 
tivity, as well as the photoconductivity of the phthalocyanines, 
is not being overlooked. 

In order to test the thesis that molecules containing a large 
number of conjugate rings possess conductivity, a number of 
polymeric derivatives, namely cuprene (a polymer of acety- 
lene), polyhydrogen cyanide, and paracyanogen were molded in 
the form of small compression disks. The resistivities were se- 
cured on these compressed powders using copper leads and an 
electronic voltmeter. Standard resistivities were employed as a 
baseline. Under these conditions, it was found that cuprene 
possessed a resistivity of 10'* ohm-cm; polyhydrogen cyanide, 
10%; and paracyanogen, 10". It will be noted that these values 
are somewhat lower than the resistivities which have been re- 
ported for anthracene and for caronene. 

A number of phthalocyanines were prepared where different 
metals as well as the metal-free substances were used. For the 
monolithium phthalocyanine the resistivity secured was 
3.4 X 107 ohm-cm; whereas, the value of 10° was secured for the 
metal-free derivative. On the other hand, dilithium phthalo- 
cyanine yielded a value of 4.4 < 10° ohm-cm, and for metal-free 
phthalocyanine, which had been treated with lead peroxide, the 
conductivity noted was 1.1 x 10° ohm-cm. Under the same con- 
ditions, Vitamin B,. was tested and found to have a resistivity of 
5.6 x 10° ohm-cm, a value which definitely places the material 
in the semiconductor realm. 


Certain of the anomalies in the preparation and the properties 
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of phthalocyanines may yield a hint of additional factors which 
must be considered. In the first place, the synthesis of phthalo- 
cyanines and porphyrins involves the use of metal catalysts. 
Where it is necessary to prepare the metal-free derivatives, the 
procedure is indirect; namely, a metallic derivative is first 
formed and the metal removed. For this purpose either sodium or 
potassium is employed. One of the first peculiarities that is noted 
is that in this interchange of chemical reactions, two additional 
hydrogens are deposited in the metal-free compound. It is diffi- 
cult to explain why these extra hydrogens are needed. The direct 
polymerization of phthalonitrile to phthalocyanine would be a 
highly symmetrical structure, but the additional of the two extra 
hydrogens destroys the symmetry of one of the benzene rings. 
If such a partially saturated benzene ring were to exist in the 
phthalocyanines, one would expect that the compound would be 
far more unstable than it proves to be. One may conjecture that 
the metal-free derivative is a free radical which reacts with the 
debris which is present in the system during chemical reaction. 
A hint in this direction may be seen in the conductivity value 
secured from the lead peroxide-treated, metal-free phthalo- 
cyanine when an effort was made to remove such hydrogens. 

That such mono-free radicals may exist is not without experi- 
mental foundation. George, Ingrim, and Bennett(6) have studied 
the one equivalent intermediate which is obtained by oxidation of 
the metal-free tetrapheny] porphyrin, the sulfonated metal-free 
phthalocyanine, and aluminum and cobalt phthalocyanines. 
The intermediates secured were paramagnetic, demonstrating 
that free radicals were present and the macrocyclic ring re- 
mained intact. 

Based on the premise noted above that if one could secure long 
resonance paths in molecules, superior electrical conductivity 
could be realized, attention was directed toward synthesizing 
polymeric phthalocyanines where the 16-membered ring entities 
would be linked together in a single molecule through the reson- 
ating bridge provided by the benzene ring (Figure 4). One 
method by which such polymeric structures containing multiple 
residues of azporphyrins could be prepared would be by sub- 
jecting pyromellitonitrile to reaction conditions similar to those 
employed for phthalonitrile. Moreover, mixtures of phthalo- 
nitrile and pyromellitonitrile would yield intermediate deriva- 





Biochemical Semiconductors 


‘gueaters, r 
Ho H H 


iy Sa rn 
C C 


AHA} 














x —— —y 


Fic. 3. Polymeric Thermally Isomerized Polyacrylonitrile 


Fic. 4. Metallic Pyromellitocyanine 





556 Kropa 


tives of a more linear nature. A number of these polymers were 
prepared where a variety of metallic components was incorpo- 
rated. The conductivity values secured from these polymeric 
substances were in all instances lower than the values secured 
from the monomeric phthalocyanines. 

Where, in metals, the valency electrons are free and permit 
ready conductivity of electricity, in insulators those electrons are 
localized into valency bonds. In semiconductors the electrons 
may travel by a randomized Brownian movement surprisingly 
long distances up to 10-° cm or about 1000 interatomic distances 
before being deflected. At present there is no information as to 
the distances traversed by electrons in organic semiconductors or 
whether electrons may move from one molecule to another. 
Nevertheless, there are organic compounds possessing a poten- 
tially high conductivity such as in the phthalocyanines. Inas- 
much as there are similar structures in tissue, that is, the metal- 
free porphyrins, it is reasonable to conjecture that these 
structures may be responsible for electrical conductivity. There 
is the definite hint that free radicals may exist and assist in such 
conductivity; such diradicals would be chemically more reactive. 
Whether monofree radicals are possible with the sodium and 
potassium derivatives and the manner in which the various alkali 
metals react with the porphyrins remain, at present, unanswered 
questions. Nevertheless, the fact that high concentrations of 
potassium ions possess a curare-like effect on nerves similar to 
that noted with quaternary ammonium derivatives may not be 
without significance. 
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A METHOD FOR ANALYZING AN ORGAN’S 
INTERNAL CIRCULATIONS* 


H. F. Srecauy, H. G. Swann, R. BARTHEL AND W. D. CoLurncs 


Much evidence is currently accumulating that “organ hemato- 
crits” are less than large vessel hematocrits, that is, that there is 
present in various organs relatively fewer red cells and relatively 
more plasma than might be expected from analyses of the hema- 
tocrit of blood entering or leaving the organ (Gibson, Seligman, 
Peacock, Aub, Fine and Evans, 1946; Swann, Valdivia, Ormsby 
and Witt, 1956; Everett, Simmons and Lasher, 1956; Huggins, 
Smith and Deavers, 1957). This is interpreted in various ways: 
one possibility is that plasma circulates in different channels 
from red cells and that the volume of the plasma channels is con- 
siderably greater than that of the red cell channels (Pappen- 
heimer and Kinter, 1956). To investigate this problem, we have 
designed a new method for analyzing the circulation of different 
materials inside a single organ. We have used the method for 
studies of red cell and albumin circulations, but it might equally 
well be employed for other materials, e.g. inulin or deuterium 
oxide. It is the purpose of this paper to describe the method and 
to present the mathematical treatment to which the collected 
data are subjected. 

The method is actually an extension of the dye-dilution tech- 
niques for measuring cardiac output (Stewart, 1897; Hamilton, 
Moore, Kinsman, and Spurling, 1931; Dow, 1956). Originally, 
Stewart (1897) infused labelled material at a constant known 
rate into the blood flowing into the heart and then measured the 
changes in concentration in systemic arterial blood. This readily 
gave a measure of blood flow. In our method, a dye or label is also 
injected at a constant slow rate into the blood entering an organ 
and the sequential changes in concentration in effluent blood are 


*From the Departments of Physiology, University of Texas Medical 
School, Galveston and Michigan State University, East Lansing, and St. 
Edward’s University, Austin, Texas. This work was supported by a grant from 
the Life Insurance Medical Research Fund. Accepted for publication August 
15, 1960. 
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measured. Blood flow rates are also measured directly. With these 
data at hand, we may then deduce what happens to the labelled 
material as it circulates inside the organ: how many compart- 
ments are entered, their proximate relations to each other, their 
volumes, and the rates of penetration. 

In practice, the labelled materials are infused through a fine 
syringe needle inserted into the artery of a selected organ. The 
rate of infusion is kept constant; it is at from one-fiftieth to one- 
hundredth of the organ blood flow. All venous blood is serially 
collected, the organ’s vein having been cannulated before the 
experiment starts. To prevent the animal from bleeding to death, 
unlabelled blood is transfused into the jugular vein at the same 
rate as blood is being lost. The experiment is continued until the 
concentration of label reaches equilibrium for the system, i.e. 
until arterial and venous concentrations are equal. In practice. 
this is the time at which the concentration of label in effluent 
blood reaches a plateau. The volumes of the serial samples of 
venous blood and the concentrations of labelled material in them 
are measured. 

The concentration of labelled material in successive samples 
is plotted against time on semi-logarithmic paper. Well-known 
analytic procedures are next applied: the curve is graphically 
analyzed into one straight line or several straight lines whose 
sum is equivalent to the original curve (Solomon, 1953; Robert- 
son, 1957). From the slopes and zero time intercepts of these lines 
and from the data on volume flow, the characteristics of the 
organ’s internal circulation may be deduced. To the data. we 
have applied mathematical descriptions which are common to a 
great variety of physical and chemical processes; these processes 
are all described by functions which are in some way exponential 
(Mellor, 1955). 

The rate of passage of labelled material into the various com- 
partments of the organ is given by: 


-_> (1) 
C, = + ae! 


iso 
in which C, is the concentration of label in blood at time t, n is 


the number of compartments available to the labelled material, 
e is the natural logarithmic base, and a and k are constants. For 
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the case of penetration into a single compartment, as illustrated 
in Figure 1a, equation (1) becomes 


Cy" Coq= Ae @ 


where C, is the concentration of label in the effluent at time t 
following its first appearance, C,, is the effluent concentration 
after equilibrium is reached, A is the zero time intercept of the 
(C.,-C,) curve, plotted against time, and 4 is the “slope” of the 
straight line described by the exponential term. A is calculated 
from the observed half-time of the exponential function, being 
equivalent to 0.693 divided by the half-time. A is actually (see 
below) the ratio of flow rate of label into the compartment to the 
volume of the compartment; it is the fraction of the compart- 
ment’s volume penetrated by label per unit time. If two or more 
compartments are involved, placed in parallel (Fig. 1b), the gen- 
eral equation is (see also Figure 1, page 564): 


Cis Ceq(Ae+BeMe.) 


with as many exponential terms as there are compartments. A 
and B are the zero-time intercepts of the two rates when (C,,-C,) 
is plotted against time. Application of the methods developed by 
Siri (Siri, 1949) and others (Solomon, 1953; Robertson, 1957) 
leads to the following description of penetration into two com- 
partments which are placed in series (Fig. 1c): 


C, on : Ess (5¢,*) +B] " 


The more complex case of two compartments in parallel followed 
by a third in series (Fig. 1d) is described by 
(5) 


ae ae [aa (Gs Dat _ Mit) Bde (at et) + Ce] 


Equations (2) and (3) are those most frequently used in our 
analyses. The former has been found to describe the behavior in 
the kidney of labelled red cells and the latter the behavior of 
labelled albumin (Collings and Swann, 1958). The observed 
time relations in these experiments are influenced by artificial 
collection tubes in the organ’s effluent, e.g., a venous cannula. 
Equation (5) makes possible an estimate of this factor, for it 
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describes two parallel systems followed by one in series. All of 
these functions, that of equation (5) excepted, were tested by 
measuring the behavior of dyes in models constructed like those 
illustrated in Figure 1. These formulas were found to describe 
well the empirically observed penetration rates and volumes. 

The apparent volumes into which the labelled materials pene- 
trate are (Jones, 1950; Newman, Merrell, Genecin, Monge, Mil- 
nor, and McKeever, 1951; Meier and Zierler, 1954): 


for a single compartment: 
VV _F (6) 
N 


where V is the volume of the compartment, F is the volume flow 
of label. and is the slope of the exponential term; and for a two- 
compartment system: 
>» F:A .f:8 (7) 
' ; Ceq ? . 2 Ceq 


This method of analysis does not give information concerning the 
concentration of the labelled material in a given compartment. 
It is for this reason that the volumes must be designated as 
“apparent” volumes: they are volumes occupied by the labelled 
material. assuming that its concentration is the same as that in 
effluent blood at equilibrium. To estimate the true volume of a 
given compartment, the concentration of labelled material in it 
must be known. This can only be obtained with data from other 
sources. 

Up to this point in the discussion, the significance of the 
“appearance time” (t,) has been ignored. This is the time re- 
quired for labelled material to pass from injection site to collec- 
tion site, i.e. what is called a “circulation time.” In the case of the 
kidney it is 2 or 3 seconds. The volume of fluid associated with 


HCV.) is: 
Va=F :ta (8) 


and must be treated separately. It is equal to the portion of blood 
which moves fastest through the labyrinthine vascular system 
of the organ. The volume of labelled blood which appears at the 
effluent in exponential fashion is that which moves more slowly 
through the labyrinth. The sum of the two gives the total intra- 
vascular volume, i.e. the sum of equations (6) and (8). It 
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is our presumption that the volume of blood calculated in equa- 
tion (8) must be allotted entirely to the compartment with the 
fastest turnover. If a two-compartment system is involved, then 
the volume of equation (8) would be added to the first of the two 
equations (7). 

The method of deriving these several formulas, which apply 
to rates of penetration and to volumes at saturation, is equally 
applicable to the reverse situation, 7.e. that of desaturation. In 
the saturation method, the difficulty of accurate evaluation of the 
asymptote, as well as a tendency for concentrations at equilib- 
rium levels to fluctuate (due probably to flow changes), sug- 
gested a minor but highly significant improvement in technique. 
Rates of “wash-out” are now measured, rather than rates of 
“wash-in”. The organ is first perfused to saturation with blood 
containing labelled materials; then the perfusion of labels is 
stopped, allowing unlabelled blood to wash out the contained 
labelled materials. (Recirculation must also be avoided; the 
animal is transfused with donor blood during both the wash-in 
and wash-out phases of the experiment.) Theoretically the 
“wash-out” technique should result in an inversion of the “wash- 
in” curves: the general mathematical description for such sys- 
tems in parallel is 


- r,t ee (9) 
C,=Ae "+ Be ™ +, 


The similarity to equation (3) is obvious, and the other rate and 
volume equations may readily be deduced. With the “wash-out” 
technique, the asymptote is now known, for the concentration 
reached at equilibrium is zero. The initial step in graphical analy- 
sis of the wash-in curves—subtractions of C, from C,,—is now 
avoided. along with the errors inherent in this subtraction when 
it is applied to the last part of the wash-in experiments. The 
accuracy of the technique is greatly improved, permitting much 
better recognition and quantitation of several compartments. 
This is exactly the same method used by Jones in measuring the 
rate of wash-out of nitrogen gas from the body during denitro- 
genation; with it he was able to recognize no less than 5 separate 
compartments of the body from which the gas left at different 
rates (Jones, 1950). The “wash-in” technique, however, remains 
better for measurement of appearance times, appearance time 
volumes, and early rapid penetration rates; in this case, again. 
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measurements of deviations from zero are found the more deli- 
cate and exacting. 


Comment 


These methods have been applied to the kidney (Collings and 
Swann, 1958; see also the paper of Swann on page 566 of this 
issue), the ileum (Collings, Swann, and Stegall, 1958), and the 
gracilis muscle of dogs. Full results will be reported presently. 
In the kidney, using the “wash-in” technique, radioactive red 
cells penetrated a single compartment rapidly. But radioactive 
albumin penetrated two compartments, the one fast, and approxi- 
mately equal to the red cell compartment, and the second slowly. 
Half-times for saturation of the two were, respectively, 3 and 40 
seconds. (It is possible that more compartments will be found 
when the more refined “wash-out” technique is applied). 

The present method readily permits calculation of turnover 
times, as discussed by Robertson (1957). This time is the ratio of 
volume of a compartment to flow rate into it; it is the reciprocal 
of lambda. The parameter characterizes a given circuit in terms 
of the penetration rate into an “average” channel. As such it is 
superior to the measurement of a simple appearance time, for the 
latter gives an appraisal of penetration rate into only one chan- 
nel, i.e. that perfused fastest. 

The turnover time is the same measure as “mean circulation 
time” as described by Kinsman, Moore and Hamilton (1929). 
Hamilton, Moore, Kinsman and Spurling (1932). and Lilien- 
field, Rose and Porfido (1957), all of whom used the technique 
of injecting suddenly a “bolus” of dye. However, this method 
presents a number of difficulties: 1) the calculation of mean cir- 
culation time is based upon an incomplete curve. the end of which 
is unknown to the observer because of recirculation of label (see 
Meier and Zierler, 1954) ; 2) if recirculation is avoided by draw- 
ing off all effluent blood, the animal experiences an unphysiologic 
and perhaps unbalancing hemorrhage; 3) the calculation is made 
by empirically integrating under a curve whose exact mathe- 
matical nature is uncertain (Kinsman et al, 1929; Sheppard, 
1954); and 4) the technique does not allow intravascular label 
concentration to remain at significantly high levels for an ap 
preciable length of time, and thus slowly filling compartments 
are not not revealed at all. It is for these reasons that Lilienfield 
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and associates (1957, 1958), employing the “single slug” tech- 
nique, failed to perceive the second, slowly filling, albumin com- 
partment in the kidney. 


Summary 


Continuous infusion of labelled material into the influent 
blood of an organ, along with analysis of the pattern of effluent 
changes in concentration, allows quantitation of circulation 
rates into single or multiple compartments in the tissue. If flow 
rates are also measured. estimates of the volume of the com- 
partment may also be made. The mathematical basis for such 
analyses is presented. If the tissue is first saturated with the label 
and then the rate of wash-out measured. the accuracy of the 
method is greatly improved. The method leads to an accurate 
determination of the “turnover time” of a substance within an 
organ’s internal circulation. 
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THE FUNCTIONAL DISTENSION OF THE KIDNEY: 
A REVIEW* 


H. G. Swann” 


Recent studies have shown that the kidney in its natural, func- 
tioning state has some of the characteristics of erectile tissues. It 
is distended by the blood pressure, for example, just as is the 
penis. Furthermore, the kidney’s normal activities appear to de- 
pend upon its functional distension. This fact, and various others, 
have led to new hypotheses concerning blood flow in the kidney 
and concerning the fundamental defects in two renal diseases. 
that of renal hypertension and that of the renal failure in the 
uremic syndrome. It is the purpose of this review to assemble and 
summarize our several studies on the renal distension and to pre- 
sent the experimental facts that have led to the new hypotheses. 
Much of this material has already been published, but some will 
be presented for the first time. 

The kidney—and other erectile tissues—may be compared 
with a balloon which is inflated through an influent tube but out 
of which runs an effluent leak. The balloon is “dynamically” in- 
flated, that is, when the influent blood flow is balanced by the 
effluent run-off. then the balloon takes a certain static, distended 
volume. We may examine many characteristics in such erectile 
tissues: 1) the nature and distribution of the distending fluids; 
2) the amount of natural distension; 3) the morphology of the 
organ while distended; 4) the morphology of the influent and 
effluent tubes and resistances, and the controls exerted by them: 
5) the distending pressures; and 6) the changes in disease. For 
the kidney, we have examined numbers 1 and 2 in detail, and 
numbers 3 through 6 in a preliminary way. 


* This work was supported by a grant from the Life Insurance Medical 
Research Fund. The review is a synopsis of a series of lectures presented in 
1959 while the author was Visiting Professor of Physiology at the Universidad 
del Valle, Cali, Colombia. 

» Department of Physiology, University of Texas Medical Branch, Gal- 
veston, Texas. Accepted for publication August 15, 1960. 
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Nature of the distending fluids 

The observation that originally attracted our attention (it will 
be considered in more detail below) was that the renal inter- 
stitial pressure is apparently unusually high, i.e. some 20-25 mm 
Hg, compared with only a few millimeters of mercury for most 
other tissues (34). To our best knowledge, only the eye and the 
placenta normally have, at rest, such high interstitial pressures 
(29.50). This observation led to a second and more fruitful one, 
which was that the organ is functionally distended not with 
blood alone, but with a fluid quite different from blood. This in 
turn led to an examination of the nature of the distending fluids 
under a variety of conditions. 

The experiment which we have frequently done (57.62) is the 
following: anesthetized dogs are suspended in the prone position. 
In this position, the other splanchnic viscera tend to fall away 
from the kidneys, thus permitting their easy isolation. The kid- 
neys are dissected free from all tissue except for the hilar artery. 
vein and ureter. The latter is catheterized with a 20 cm plastic 
tube. Then the organ is removed: while still in its functionally 
distended condition, the artery and vein are simultaneously 
clamped, taking care to avoid distortion of them before clamping. 
Then a second clamp is put on and the vessels cut between the 
two clamps. The organ is removed and placed in a beaker and the 
clamp immediately cut free. A gush of fluid flows from the vein: 
none flows from either the artery or the ureter. As a precaution- 
ary measure, the tip of the ureteral catheter is kept outside the 
beaker. thus preventing contamination of the draining fluids with 
urine. Also the kidney is placed on a wire platform in the beaker. 
thus keeping it isolated from the draining fluids. While the organ 
is draining, a sample of systematic arterial blood is drawn. 

Drainage of the contained fluid is rapid: the organ loses from 
its vein roughly 10 per cent of its natural volume in the first 3 
seconds and another 10 per cent in the next 15 seconds. Fluid 
ceases to drain after 15 minutes (62,67). The fluid which drains 
is designated as “Kidney Fluid” or KF for short. Its volume and 
its hematocrit are measured. The chemical composition of its 
plasma is also ascertained, using standard chemical procedures. 
The sample of systemic blood is analyzed similarly. 

In 50 dogs, the average weight of the drained kidney was 29.2 
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gm and the average volume of KF was 13.9 ml (36). The volume 
of distending fluids is phrased in milliliters per 100 gm of func- 
tionally distended kidney, or the ratio of volume of distending 
fluid times 100 to the volume of distending fluid plus the weight 
of the drained kidney. The average volume of distension is there- 
fore 32.2 ml per 100 gm of functionally distended kidney. Its 
standard deviation is 4.1 ml. (In this and all subsequent calcula- 
tions densities are neglected: milliliters and grams are considered 
equal. Thus, one ml of blood or plasma is assumed to weigh one 
gram and a gram of kidney is considered to have one ml volume. 
This assumption greatly simplifies all calculations. It is justified 
because individual variation nullifies any great refinement of 
calculation.) Other species show the same phenomenon: for cats, 
rats and mice, the volumes of distension were found to be, re- 
spectively, 20.7. 23.0 and 18.6 ml per 100 gm of distended kidney 
(36). 

KF—the fluid draining—has the composition shown in Table 
1, Column A. In the table the data are presented as ratios of 
concentrations in KF to concentrations in systemic blood (or 
plasma); thus, the concentration of K in the KF plasma is 1.18 
times that in systemic blood plasma. The table shows that KF is 
very different from systemic blood in composition: its hematocrit 


TABLE 1 


Relative composition of various fluids 





A B ( D J F 


KF DF 
Pr Pr 


KF, J KF* 
KF, U. Lymph 


V 
A 





Hematocrit .63» .97 83 

Na 1.01 1.02 .03 ; 1.03 
K “1.18 1.31 .96 1.09 E 1.73 
Cl 1.11 1.23 95 .98 j 1.01 
PO, 1.65 2.12 89 1.25 j 1.56 
Urea 1.70 2.56 .00 4.48 ; 1.40 
Glucose 62 34 .00 91 .90 
Plasma protein 61 33 .96 81 1.02 








* The symbols used are: KF for ‘‘kidney fluid’’ plasma, P for sytemic blood plasma, DF for 
‘diluting fluid’’. V for renal venous blood plasma, A for systemic arterial blood plasma. U for 
urine, subscript d for sample collected during diuresis and subscript c for sample collected just 
before induction of diuresis. 

* A special KF is involved—See text 

» Where hematocrits are indicated, whole blood or whole KF was analyzed. 
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is 63 per cent of that of systemic blood, its plasma concentrations 
of K, Cl, PO,, and urea are higher than that of blood plasma, its 
concentration of Na the same, but its concentration of glucose and 
plasma protein lower (57,62). 

We also analyzed successive samples of the KF as it drained 
(62): a syringe needle was placed in the vein just before artery 
and vein were clamped. Then, after clamping, spontaneous drain- 
age was allowed from the vein, collecting from the needle suc- 
cessive 3 ml samples. Table 2 shows the composition of these 
samples (number 1 excepted) in one dog. The hematocrit of the 
KF gradually decreased until, in the last sample, it was only 4 
per cent. Similarly, the concentrations of other substances slowly 
changed, some increasing and some decreasing, as the KF 
drained. 

The question at once arose from these results: what is this pe- 
culiar fluid which drains from the renal vein under the conditions 
of the experiment? As a first hypothesis, we suggested that blood 
flows out of the vein first, but then another fluid starts to come 
out too, progressively diluting the blood as shown by the change 
in red cell percentages of Table 2. We designate this red cell- 
diluting fluid by the noncommittal name of “‘Diluting Fluid” or 
DF. The over-all KF, then, is a mixture of blood and DF. What 
is the DF? is it: 1) systemic blood plasma? 2) tubular urine? 


TABLE 2 


Composition of successive samples of kidney fluid* 





Kidney fluid, successive 3 ml. samples 





Artery Renal vein 2 3 + 5 


35.4 34.0 17.9 9.1 7.1 3.8 
134 148 139 138 136 1 +4 
2.8 3.3 4.9 7.6 6.0 8.7 
108 107 118 124 125 129 
5.2 4.5 7.4 7.7 8.0 
Urea 28 23 24 29 30 33 
Protein 6.7 72 5.1 3.8 3.1 
Glucose 75 64 54 47 ++ i+ 
Frezing point 
depression, °C 0.657 0.604 0.601 0.608 0.631 0.669 
m.Osm/liter 353 324 323 326 339 360 








* Units employed are as follows: Na, K and Cl in mE./L.; PO, as P, urea and glucose in 
mg%; and (plasma) protein in gm%. 
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3) interstitial fluid? We shall consider each of these questions in 
turn. coming to the conclusion that the more plausible hypothesis 
is that the DF is interstitial fluid. 

But before doing so, we shall consider the methods used to cal- 
culate the characteristics of the postulated DF. Derivations of the 
several formulas given here will be found under the appropriate 
references. Assuming that DF is a red cell-free fluid, its fractional 
volume (F) in the KF is given by the formula 


He ~ Hx 
den: ae H, 


where H indicates the hematocrit ratio and the subscripts B and 
K indicate systemic blood and KF respectively. F is about .5 for 
all species tested (36), that is, about half of the KF is DF. The 
product of F times the total volume of KF gives the true volume 
of DF: in the dog it averages 16.4 ml per 100 gm of functionally 
distended kidney (36). The concentration of other plasma con- 
stituents in the DF may be deduced from the hematocrit ratios. 
F. and the concentrations in blood plasma and KF plasma (62). 
For substances entering red cells freely, the formula’ is 


So* Skt EF (Sx-Sp) 


and for substances penetrating red cells slowly, the formula is 


Sp= Sk ~ tei (Sx -Sp), 


where S indicates the concentration of a given substance, the sub- 
scripts D. K. and P indicate DF, KF plasma and blood plasma, 
respectively. and H and F are the same as above. The first formu- 
la was used for Cl and urea in the DF, and the second for the 
remaining constitutents. 

Column B of Table 1 shows the data on composition of the DF, 
again phrased in ratios, as calculated from these equations. The 

1 In the published derivations of these formulas (62), the factor I was used 
instead of F, I indicating how much DF is added to each ml of blood to make 
up the composite KF. For interconversion of the two, F equals the ratio of 
I to 1 + I, and I equals the ratio of F to 1 — F. Also in the published deriva- 
tions, there are three errors: 1) in formula (2) of page 33, the ratio given as 


I/X should be X/I; 2) in line 13 of page 33, “the ratio yx" should read “the 
ratio X/I”; and in line 3 of page 34, “Equation 4” should read “Equation 3”. 
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differences between KF plasma and systemic blood plasma are. 
of course, exaggerated. DF contains even less protein than KF, 
more K, etc. But it must be stressed—and this point is crucial to 
the subsequent development of our thesis—that the DF is by no 
means protein-free; rather, it has in it about 2 gm per cent of 
plasma protein. Both this calculation and the analysis of the pro- 
tein concentration in the last portion of KF to drain (Table 2) 
give the same conclusion. The DF evidently contains about one- 
third the protein concentration of systemic blood plasma. 

Let us now return to the three questions concerning the origin 
of the “Diluting Fluid”: 

1) Is DF systematic blood plasma? Renal venous plasma, as a 
first approximation, will be arterial plasma less the urinary con- 
stituents. However, blood flow is so large compared with urinary 
flow that it is difficult to detect arterio-venous differences in most 
plasma constituents. Thus, in man about 1 ml of urine is formed 
per minute from the 650 ml of plasma flowing through the kid- 
neys in the same time. Only very small arterio-venous differ- 
ences, then, are detected (65). Table 1, Column C shows data on 
this point in dogs (62). Blood was drawn from the renal vein and 
from the femoral artery simultaneously and the two analyzed. 
The two plasmas resemble each other very closely. But the KF 
plasma differs sharply from systemic plasma in composition, 
whether the plasma be taken to come from the renal artery or 
renal vein. Hence DF cannot be systemic blood plasma. 

Recently Pappenheimer and Kinter have proposed what they 
designate as the “cell separation hypothesis”: they suggest that 
red cells are separated from plasma as the two flow through the 
kidney, first in the afferent arterioles and second at the peri- 
tubular capillaries (23,24,39). In the functional kidney, the 
“organ hematocrit” is known to be quite low (1,13,39); with the 
cell separation there is a disproportionally high plasma volume 
in the organ. The theory, then, funishes an explanation for the 
low hematocrit we have found for the KF, the KF being presumed 
to come from channels containing a blood disproportionately rich 
in plasma. However, our data fail to confirm the hypothesis be- 
cause the chemical composition of the KF plasma differs quite 
sharply from systemic plasma. It is not systemic plasma, evi- 
dently, which separates from the red cells, but something more 
complicated occurs. Other studies have also questioned the cell 
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separation hypothesis, provocative though it is (22,64,66). As 
will be developed subsequently, however, we consider that the 
over-all theory is correct and that plasma does follow a different 
path through the kidney from the red cells. 

2) Is the DF tubular urine? One might expect some reflux of 
capsular and proximal tubular urine back into the glomerular 
capillaries when, as in this experiment, the filtration pressure is 
abruptly removed. This would produce a dilution of the red cells. 
We did, in fact, once guess that the DF was mostly proximal 
tubular urine (52). Similarly, some of the urinary constituents, 
notably urea, might diffuse from the tubules back into the blood 
stream while the fifteen minutes elapses during which the KF is 
draining, and thus produce the differences in KF composition. 
But we have rejected all the hypotheses that DF might be derived 
from tubular urine for the following reasons: 

A. The composition of KF bears a quite constant relation to 
blood plasma while the composition of urine varies markedly 
from dog to dog. Thus, Table 3 shows the urinary and KF compo- 
sitions in two dogs: the first was excreting a urine dilute with 
respect to Na and Cl but concentrated in K, whereas the second 
was doing the opposite (62). If the urine affected the KF, then, 
one would expect the KF to vary in the direction of urine compo- 
sition. But the KF composition, as the table shows, was the same 
in each dog. Hence, it is argued, tubular urine does not go to make 
up the KF (or the DF). 

B. A similar course of reasoning was used in an experiment on 
the effect of urea diuresis on the kidney’s functional distension 
(56). Table 1, Columns D and E show what happens when the 
kidney is in pronounced diuresis. The KF reflects the hemo- 
dilution caused by the urea injection: red cell content and plasma 


TasBLe 3° 


Contrast between urine composition and KF composition 





Urine Kidney fluid 


is Dog I Dog Il 
154 161 


135 
6.6 











* All values are expressed in mE./I 
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protein content of blood and KF are both decreased. But the KF’s 
content of electrolytes did not change, in spite of the pronounced 
decrease of urinary electrolytes occurring during diuresis 
(Column E). 

C. The DF contains considerable plasma protein, whereas the 
urine has practically none. Hence it is argued that the DF con- 
tains little or no tubular urine. 

D. The urine contains very large quantities of K, PO, and urea, 

but KF and DF contain only slightly more than blood plasma 
(57,62). Hence little or no tubular urine presumably enters the 
DF. 
None of these four reasons furnishes complete proof that no 
tubular urine enters KF, but the fact that all four point in the 
same direction furnishes a strong argument in favor of the hy- 
pothesis. 

3) Is the DF interstitial fluid? This was investigated by meas- 
uring the composition of renal lymph for comparison with that 
of KF, since it is generally thought that lymphs mirror fairly 
faithfully the composition of interstitial fluids (11,72). Table 1. 
Column F shows the data obtained (57). The sample of KF ana- 
lyzed was not the whole mixed KF, but rather the last quarter of 
KF to drain. This portion, as pointed out above, contains few red 
cells and is postulated to be much closer to true DF than is the 
whole sample of KF. The data indicate that this special KF is 
essentially the same as lymph with respect to its content of Na. 
Cl, glucose and plasma protein, but it contains more K, PO,, and 
urea. Both fluids were also found to have the same fractional 
distribution of three sub-groups of the plasma proteins: albumin 
and e-1 globulin, a-2 globulin and 8-globulin, and e-globulin. We 
conclude that KF is made up mostly of blood and interstitial fluid. 
It is the latter, therefore, which is apparently the elusive “Dilut- 
ing Fluid”. The discrepancy in composition between renal lymph 
and KF is accounted for on this basis: the high concentration of 
K and PO, in KF is perhaps due to anoxia of the renal cells, this 
occurring during the 15 minutes post mortem during which the 
kidney is draining. A small quantity of tubular urea also perhaps 
diffuses into the KF as it drains, thus accounting for the elevated 
urea concentration in KF. 

The DF then is probably interstitial fluid. Yet there are two 
facts about it that are unusual: it contains much protein, and 
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apparently, as a protein-containing interstitial fluid, it reenters 
the vascular bed with very great readiness. This was particularly 
evident in the experiment on serial drainage of the kidney (62). 
If it reenters the vascular bed readily, it must also leave it very 
readily to enter the interstitial space. But if access to the latter 
compartment is so easy, why is not the concentration of plasma 
protein in the DF the same as that in systemic blood plasma? 
(Lymph flow from the kidney is so slow that it probably cannot 
account for this effect (26,48,57).) The dilemma proposed by this 
question was met by the hypothesis that the interstitial fluid 
(i.e. DF) is in reality a mixture of two fluids, the one, systemic 
blood plasma which very easily leaves and reenters the peri- 
tubular capillary bed, and the second, tubular resorbate which 
is in transit between the bases of the tubular cells and the peri- 
tubular capillary endothelium. It is the presence of the latter 
which dilutes the plasma proteins of the KF to about 2 gm per 
cent. Also since proximal tubular resorbate comprises some 80 
per cent of glomerular filtrate and since it is probably quite con- 
stant in composition (44), it would be this fluid which goes to 
make up the larger part of the resorbate in DF and leads to the 
constant composition of DF. Additional evidence to support this 


hypothesis is not yet available. In any event, for the sake of 
brevity we shall refer to the DF as a mixture of plasma and 
resorbate, all the while making the mental reservation that proof 
is incomplete. 


Volume of distending fluids 


We have calculated above the volume of DF and also its protein 
concentration. Assuming now that the resorbate is protein-free, 
we may readily deduce the volumes of the two components of 
DF, i.e. its plasma and its resorbate. The volume of the plasma 
is the ratio of DF protein to plasma protein concentrations (.33 
from Table 1) times DF volume, or 5.3 ml per cent. By differ- 
ence, then, resorbate volume is 11.1 ml per cent. 

However, there is one obvious defect in all of these calcula- 
tions: they are based upon the volume and composition of the 
fluids which spontaneously drain from the kidney. But un- 
doubtedly some cells and fluids still remain behind after drainage 
because of capillarity. In order to get a true estimate of the total 
distension, we must measure these trapped cells and fluids. The 
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red cell content was analyzed by perfusing them out (following 
full drainage) with warm Tyrode-dextran solution and then 
measuring the quantity of cells in the perfusate. The plasma left 
behind was analyzed by injecting radioactive albumin and then, 
after removing and draining the kidney as usual, homogenizing 
the organ and measuring the radioactivity in the homogenate 
(51). 

Six-tenths ml of red cells per 67.8 gm of drained kidney was 
left behind, on the average, in the organ, and radioactive albumin 
equivalent to 6.4 ml of plasma was left behind. If we now assume 
that volumes of plasma and resorbate in the drained kidney were 
in the same ratio as calculated in the second paragraph above, the 
resorbate left behind was 13.4 ml. 

Combining all of the data, we obtain the following estimate for 
the volumes of blood and interstitial fluid (i.e. DF) which 
naturally distend the kidney: 


Intraendothelial blood: 17.3 ml per 100 gm 
Red cells: 6.9 
Plasma: 10.4 
Interstitial fluid: 33.4 
Plasma: 10.8 
Resorbate: 22.6 
Total 50.7? 


About one half of the functional kidney, therefore, is apparently 
red cells and interstitial fluid. There still remains in the func- 
tional organ a certain volume of tubular urine. An estimate of 


this will be added below. 


Kinetics of red cell and plasma flows in the kidney 


Our hypothesis proposes that plasma, as it flows through the 
kidney, follows a different course from red cells: the red cells 
and some plasma flow together in the anatomical vascular sys- 
tem, but a fraction of the plasma also flows out of the anatomical 
vascular system—outside of the endothelium—and circulates 


* The figures given here have all been subjected to a minor change from 
those previously calculated: the 0.6 ml of red cells trapped behind in the kid- 
ney, along with an appropriate volume of plasma (0.9 ml), were allotted to 
the intraendothelial blood. This necessitated subtracting .9 ml from the inter 
stitial plasma volume, which in turn resulted in a small reduction in the cal 
culated resorbate volume. 
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through a large interstitial space. An analysis of the dynamics of 
red cells and plasma flow through the kidney should therefore, 
if the theory is correct. reveal different flow patterns for plasma 
and red cells. For this kind of analysis a new method was designed 
for examining the characteristics of flow of different substances 
inside an organ.* 

Consider the problem sketched in Figure 1. Water flows in this 
system through two regions, a channel and an adjoining bayou, 
both of which communicate freely. A molecule of water entering 
the system may follow one of two paths: either it runs down the 
dredged channel comparatively rapidly, or it enters the bayou, 
drifts sluggishly through it, and finally, reentering the channel, 
leaves the system. The average rates for penetration of water 
molecules into channel and bayou, it will be appreciated, would 
be far different: a given molecule would take perhaps hours to 
pass through the channel, but days or weeks to pass through the 
bayou. A measurement of rates of penetration, then, using 
modern methods of investigating rate reactions, might furnish 
clues concerning the nature of the channel and the nature of the 
bayou. 

In the kidney the vascular bed was postulated to be like the 
channel and the interstitial space like the bayou. We analyzed 
rates of penetration into the organ of red cells labelled with 
radioactive chromium and of albumin labelled with radioactive 
iodine. They were infused into the renal artery through a small 
needle at a constant rate of about one-fiftieth of the total renal 


Fic. 1. How can flow characteristics of channel and bayou be quantitated? 


* The method is described in detail in the paper of Stegall, Swann, Barthel 
and Collings on page 558 of this issue. 
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blood flow. All effluent blood was collected from a cannula in- 
serted in the renal vein: timed successive samples were taken, 
thus obtaining a measure of renal blood flow. The concentration 
of radioactive materials in the successive samples was also 
measured. To prevent exsanguination, the dog was transfused 
with nonradioactive blood, by way of the jugular vein, at the 
same rate that it was losing blood from the renal vein. It will be 
appreciated that the method in some ways resembles the “single 
slug” method for measuring blood flows which is now so widely 
employed (10). However, because the method allows no recircu- 
lation of labelled materials, it permits a comparatively long time 
for equilibria to be reached and thus permits more detailed analy- 
sis of penetration of different materials into an organ. The method 
is closely related to the one used to measure penetration of gases 
into different compartments of the lung in disease (14). The 
method also resembles, in some aspects, the one used by Lilien- 
field et al. (27,28) to investigate this same kidney problem. Their 
experiment will be discussed below. 

Figure 2 shows the results of a typical experiment (7,51). After 
a few seconds, the concentration of radioactive red cells in the 
effluent blood started rapidly to rise; it approached an asymptote 
—the equilibrium concentration—in 20—30 seconds. Radioactive 


& 


*RBC: Cy=100-100e" 


& 


+ALBUMIN: Cy=100-(70e" + 300°) 


Counts per ml, per min, 





it 
60 





Seconds 


Fic. 2. Penetration of red cells and albumin into functional kidney. 
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albumin followed the same general pattern, except that its pene- 
tration was slower and the equilibrium concentration was reached 
only after about 80 sec. 

Using conventional methods to ascertain these rates of pene- 
tration (32.42.45), that for red cells was found to be 


C,: Ceq- Ae 


and that for albumin was found to be 


Cy = Cog~ (Aie™' + Be*), 


where C indicates concentrations. t is time, C,, is equilibrium 
concentration, A, A, and B are the intercepts of the curves at the 
appearance time in the effluent, and the lambdas are the slopes 
of the exponential rates of penetration. The latter is defined as 
the fraction of a compartment’s volume which is filled per second 
with labelled material. The “half-time” of penetration (i.e. the 
time for concentration to reach half-way toward equilibrium con- 
centration) may be readily calculated: it is the ratio of .693 to 
lambda. The results of six experiments are shown in Table 4. 
The half-time for red cell penetration into the kidneys averaged 
2.9 seconds. and there was found to be only one rate of penetra- 
tion involved. But analysis of the rate of penetration for albumin 
showed that it was the sum of two rates, these being in parallel. 


TABLE 4 


Penetration rates for red cells and albumin 





Half-times, seconds 





Plasma 





**Fast’’ “Slow” 


Averages 


Averages 


for lambda 
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one with a half time of 3.1 seconds (the “fast” albumin rate). 
and a second with an average half-time of 38 seconds (the “slow” 
albumin rate). 

This method of kinetic analysis, therefore, shows that red cells 
and the “fast” fraction of albumin penetrate the kidney at essen- 
tially the same rate: both compartments are filled at about 23 
per cent of their volume per second (Table 4). The compartment 
into which the two penetrate is thought to be the anatomical 
vascular bed as postulated above: red cells and some plasma ap- 
parently course through it together. But the remaining part of 
the albumin enters a second compartment and it enters it more 
slowly, i.e. at a rate of 1.8 per cent per second (Table 4). This 
compartment is interpreted to be the interstitial (or extraendo- 
thelial) compartment described above, the walls of which were 
postulated to be impermeable to red cells, but permeable to plas- 
ma proteins. It must be stressed that this type of analysis, taken 
alone, does not by any means “prove” that there is in the kidney 
a vascular compartment and a freely accessible interstitial com- 
partment. It is only when data from other sources are available 
that one can start to interpret the meaning of the kinetic data. 
And in this case data from other sources are in fact available to 
us: those on the composition of the distending fluids. which lead 
to an hypothesis of extraendothelial circulation of plasma in the 
kidney. Thus we can say that the kinetic data greatly strengthen 
the hypothesis as a whole. 

Lilienfield and associates, studying this same problem. injected 
into the renal artery a single slug of radioactive red cells and 
albumin (27,28). Then they collected, in serial samples, all blood 
flowing from the renal vein and measured individual volumes 
and radioactivity just as we have done. From these data they 
calculated “mean transit times” for red cells and plasma, finding 
them to be, respectively, 6.4 and 7.6 seconds. With this method 
they failed to find an interstitial compartment such as we did. 
The reason for their failure lies in their method in which a single 
slug is injected over 2—5 seconds, rather than the slow continuous 
infusion which we have made. With their method there is not a 
long enough exposure of radioactive material to the interstitial 
compartment for measurable quantities to enter, and hence the 
compartment is not revealed, Furthermore, what little radio 
activity did enter would not be detected by them, because they 
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analyzed the renal venous samples for only 30 (sometimes 60) 
seconds following the injection, and not for the longer periods of 
time which are needed to reveal the compartment. 


Morphology of functional distension. 


Good morphologic evidence for the theory has also been ob- 
tained. From the above experiments it appeared that the kidney 
in its functional state is distended not only with blood but also 
with a large volume of interstitial fluid. In the usual histologic 
preparation, however. we see an organ which is solid and com- 
pact: the large interstitial spaces postulated above are not at all 
apparent. The reason for this, it was presumed, is that the organ 
is usually allowed to collapse at autopsy, letting most of the blood 
and interstitial fluid run out. It was known that the collapse is 
very rapid: as described earlier, when the kidney is deprived of 
its blood pressure, 20 per cent of its distending fluids run out in 
18 seconds. To prevent this from happening, so that the organ 
can be truly visualized, instantaneous fixation is obviously es- 
sential. 

This was accomplished by rapid freezing (9): isopentane was 
used, cooled to —150°. Mouse kidneys were chosen (they are 
functionally distended like dogs’ kidneys, (36)) because their 
small bulk permits very rapid freezing. The mice were anesthe- 
tized. Their kidneys were then widely exposed. Then the cold 
isopentane was poured over them: they were fixed in situ while 
still functioning. Freezing of the surface, as determined elec- 
tronically, took place in less than 0.01 second; freezing of the 
center was complete in about 4 seconds. The kidneys were then 
sectioned for examination while still frozen. Alternatively, the 
freeze-drying technique was used: the kidneys were dried in 
vacuo while still frozen, warmed, embedded in paraffin, sectioned 
and stained with alcoholic Wright's stain. Exposure to water was 
avoided. Meticulous care was taken to prevent artifacts (51). 

The sections revealed an organ quite different from that con- 
ventionally pictured by histologists (51,61). Figure 3 is an ex- 
ample of these preparations. It contrasts conventional with rapid 
fixation. In the latter all tubular lumina are widely open. Be- 
tween the tubules is a large space in which can be seen a few red 
cells and connective tissue nuclei. It is here that the large inter- 
stitial space, indicated by the previously discussed studies, is 





Fic. 3. Sections of kidney. Left: fixed by rapid freezing; freeze-drying 
technique, with alcoholic Wright's stain. Right: conventional fixation with 4 
per cent formaldehyde; H & E stain. 


thought to lie. Capillary endothelia (and even venular walls) are 
so thin that usually they cannot be seen. Relative areas of the 
different parts of the sections of rapidly fixed kidneys were ascer- 
tained by cutting out the photomicrographs with scissors and 
then weighing the parts. For the outer cortex, these volumes 
were: 
Tubular cells 45 per cent 
Tubular lumina 15 
Intertubular space, excluding blood vessels 40 
greater than 20 » in diameter 
We may now finally assemble all estimates for the functional 
volumes in the kidney. To the figures from page 575 are added 15 
ml per 100 gm for tubular lumina; by difference, then, renal 
cellular volume (parenchymatous cells, blood vessel cells and 
connective tissue cells) comes to 34.3 ml per cent. In summary, 
this gives: 
Intraendothelial blood: 17.3 ml per cent 
Red cells 6.9 
Plasma 10.4 
Interstitial fluid: 33.4 
Plasma 10.8 
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Resorbate 22.6 
Tubular lumina 15.0 
Renal cells 34.3 


At first glance. the estimates for volumes derived from the 
morphological data appear to match rather poorly those derived 
from the physiological data: thus, cell volume is 45 per cent by 
the one method but 34 per cent by the other, etc. But by and 
large we are quite satisfied with this preliminary estimate in 
view of the many uncertainties and assumptions involved in both 
types of analysis. Both sets of data agree that 1) there is a very 
large space for blood and interstitial fluid, and 2) the paren- 
chymatous cells occupy less than half of the distended organ. 
Well over half of the functional organ is apparently comprised 
of fluids in transit for processing. This picture of the finer struc- 
ture of the kidney is far different from the compact-appearing 
organ which histologists customarily study. It appears certain 
that in the usual autopsy the “erectile” kidney is allowed to col- 
lapse: the blood and interstitial flu'd run out and the tubular 
lumina largely disappear. With respect to the tubular lumina, 
Gottschalk and Mylle have observed this phenomenon in living 
kidneys while inserting micropipettes. They say (17): “Collapse 
of all or a portion of the visible tubules sometimes occurred after 
accidental trauma to the animal, i.e., hemorrhage or anoxia, and 
rarely without demonstrable cause. The collapsed tubules ap- 
peared white and opaque, and their lumina were more or less 
completely obliterated all observations herein reported 
were made on kidneys with well-distended tubules. Collapsed 
tubules are believed to represent an abnormal state.” Absence of 


a large interstitial space and a large volume of distending blood 
is also. in our opinion, an abnormal state. Pari passu, in the usual 
au‘opsy procedure the lungs are allowed to collapse. If their 


natural distension is preserved, they present a considerably dif- 
ferent appearance (4). 

One striking characteristic of our preparations is that all of the 
tubules are widely separated; at no point do their edges touch. 
This furnishes an illuminating amplification to the theory that 
plasma circulates very freely outside of the peritubular capillary 
endothelium. Plasma would bathe the entire perimeter of each 
tubule. The separation of each tubule from its neighbor makes all 
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the tubule’s outer surface available to the flowing plasma*— and 
a veritable Niagara of flow it is known to be. This facilitates ex- 
cretion, which approaches completeness, of substances like para- 
amino-hippurate. It allows the exquisite and diverse rectifications 
of plasma which the organ accomplishes, to proceed with utmost 
efficiency. By contrast, on the inner surface of the tubules it is 
the brush border which gives a huge surface for the rectifying 
activities involved in tubular absorption. 

The theory as developed so far postulates that the boundary 
between the peritubular capillaries and the interstitial space 
must be exceedingly permeable to the plasma proteins; this, of 
course. is unorthodox, for most endothelia are thought to be rela- 
tively impermeable to them (11,72). However, in the kidney a 
morphological basis for such permeability has been visualized by 
Pease (40): electron microscopy reveals in the peritubular capil- 
lary endothelium what are apparently numerous very large 
pores. The endothelium actually resembles a colander. with 
holes in it some 400-500 Angstroms wide. These holes, we esti- 
mate from Pease’s photoelectronmicrographs, comprise 5—25 per 
cent of the wall area (57,62). A porous endothelium like this is 
exactly what our theory postulates. Furthermore, from studies 
of the behavior of large dextran molecules in the circulation. 
Grotte has recently concluded that some capillary beds possess 
very large pores (19). They are apparently so large that he calls 
them “leaks”: he deduces that they must be greater than 116 A 
in diameter, but less than 350 A. The “leaks” are rare in the leg 
circulation, somewhat less rare in the circulation to the head, 
but common in the liver circulation. Both our data and that of 
Pease suggest that “leaks” with about these same dimensions 
must also be common in the peritubular capillary endothelium of 
the kidney. It appears possible, also, that the endothelium, if 
visualized in its naturally stretched state. might have even larger 
“leaks” than Pease discovered. 

Pappenheimer and Kinter postulate in their “cell separation” 
hypothesis that plasma is in part separated from red cells as blood 
circulation through the kidney (23,24,39). Our data confirm 


the general hypothesis, but we differ from Pappenheimer and 


_*If the bases of the cells were crowded together in life as they ave in most 
histological preparations, then they would receive only a very sluggish blood 
flow. Figure 3 illustrates this well. 
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Kinter with respect to the method by which the two major com- 
ponents of the blood are separated. They postulate that the ki- 
netic energy of the red cells in the interlobular arteries tends to 
separate cells from plasma, the plasma being in part “stripped” 
off. adopting the descriptive phrase of Emery, Gowenlock, Riddel 
and Black (12), in the juxtamedullary regions of the kidney. 
The red cells, Pappenheimer and Kinter further postulate, run 
through special shunts in the peritubular circulation, but the 
plasma circulates freely among the tubules. Our chemical studies 
of the distending fluids showed that it is something more than 
simple plasma which is separated from the red cells. And our 
kinetic data show that red cells and (some) plasma course 
through a single channel together. thus failing to confirm the 
theory that the two follow quite different paths. The mechanism 
of separation, we suggest. is this: it takes place in the peritubular 
capillaries only, and it is accomplished by means of the “col- 
ander” of the capillary walls, which keeps red cells inside the 
endothelium but permits free exit of part of the plasma. Using 
another metaphor, the endothelium “seines out” the red cells, 
just as a fish net seines out fish, but it allows very free passage of 
plasma, with all its constituents, through its interstices (57). 
In three previous articles (57,60,62) we have compared this 
peculiar circulatory apparatus with the “open” circulatory sys- 
tems of some invertebrates, in which blood does not course inside 
a discrete, anatomical vascular system, but flows freely through 
the body cavity in direct contact with cells. The sketches of capil- 
laries which we physiologists so frequently draw, with good solid 
walls, tend to delude us (and our students as well!) for they make 
us forget how tenuous the “wall” is; we forget with what ease 
metabolites pass the endothelial barrier. Indeed the whole pur- 
pose of circulation is to bring metabolites into a capillary so that 
they can pass threugh its walls and to the cells. Catabolites pass 
equally easily in the opposite direction. In a very true sense, like 
the invertebrate circulations, mammalian circulations are also 
“open” circulations: they are open to water, to oxygen, to carbon 
dioxide, to salts and to sugar. Water, in fact, passes the capillary 
“wall” so fast that it can hardly be considered as being behind a 
barrier at all (38). There is evidently a whole spectrum of per- 
meabilities, depending on molecular sizes, configurations, solu- 
bilities. etc. (38). The circulation, then, must be considered as 
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“open” to some substances and “closed” to others, but it should 
be considered as having all degrees of permeability between the 
two. And capillaries in some organs apparently have different 
permeabilities from others, e.g. the leg capillaries are mostly 
“closed” to the plasma proteins but the liver sinusoids are almost 
entirely “open” to them (3,19,47). In the kidney, the glomerular 
circulation is “closed” to proteins but apparently the peritubular 
circulation is “open” to them. Actually, in the peritubular rete, 
presumably all molecules smaller than plasma proteins pass into 
the interstitial space with far greater readiness (but even so with 
some hindrance perhaps for the larger ones) than they pass 
through a glomerular capillary wall or a leg capillary wall. It is 
in this sense—a matter of degree rather than of kind—that we 
use the terms “open circulation” and “special plasma circulation” 
for the kidney. It is appropriate that this organ, the body’s great 
rectifier of plasma, should possess this unusual arrangement for 
a special plasma circulation. 

We suspect that the endothelial boundary between the blood 
and the interstitial compartments is in a state of continual 
change, perhaps being stretched when the kidney expands, as in 
diuresis, and being collapsed when the kidney shrinks, as during 
sympathetic nervous discharge. It is possible also that the vol- 
umes of the two compartments vary physiologically in still un- 
known ways, with the volume of the one perhaps being inversely 
related to the volume of the other. It is tempting, as well, to guess 
that each systolic expansile pulse in the kidney causes movements 
of these fluids and of the porous endothelial boundary between 
them (see 60). 

Another morphological component of these functional disten- 
sions is a constriction in the venous effluents. This first became 
apparent to us when measuring venous pressures deep inside the 
kidney. A narrow catheter was inserted into the main renal vein 
and advanced blindly, in retrograde fashion, toward the cortex. 
all the while measuring the pressures at its tip (53). In the main 
renal veins and their branches and in the interlobar veins, the 
pressures were found to be about 7 mm Hg. But when the cathe- 
ter was pushed all the way into the interlobular veins, the pres- 
sure was found to be 25 mm Hg. As, now, the catheter was slowly 
pulled out, a millimeter at a time, the pressure at its tip suddenly 
fell to 7 mm as it passed through the region of the interlobular- 





586 Swann 


arcuate or arcuate-interlobar junctions. The same experiment, 
essentially. has been done in man (6): the pressure suddenly 
drops, as the catheter’s tip passes through this same region, from 
18 mm Hg to 9.5. Evidently an effluent constriction must exist 
here, a sort of dam as it were, above which pressures are high 
and below which pressures are low. 

Careful examination of the kidneys of both dogs and humans 
revealed two structures exactly in this region which are thought 
to fulfill the function of an effluent constriction (25). 

1. Sudden narrowing of the veins, particularly in the ostium 
where smaller vessels debouch into larger, were common. They 
are not valves: their structure is not such as to block retrograde 
blood flow. Rather they are thin stenoses, and we designate them 
as such. From the outside of the vein, they look like the folds 
which appear in the skin when one bends a finger. 

2. Sinus-filled cushions of connective tissue in the arcuate 
region, again just where smaller veins debouch into larger ones. 
Barrie, Klebanov and Cates (2) call these structures “arcuate 
sponges”. In human kidneys they are laced through and through 
with smooth muscle, but in dog kidneys muscle is sparse or absent. 
Both of these structures lie in the region where the dogs’ venous 
pressures were observed suddenly to fall. Either of them could 
serve as the “dam” in the renal veins, but from the available data. 
we are unable to say which is the critical effluent constriction 
that makes the kidney “balloon out’. It should be added that 
structures like both the stenoses and the sinusoidal cushions are 
common in erectile tissues of the body: penis, nasal mucosa, 
cock’s comb, and placenta, to mention a few (see 25). Also, pro- 
vocatively, in the fowl’s renal portal system such structures are 
well known (41). In the human fetus, as well, a muscular sphinc- 
ter is present in the renal vein at its entrance into the vena cava 
(21). , 

The influent resistances of the renal “erectile tissue” presum- 
ably reside in the muscles, with their extrinsic innervation, of 
the arteries and arterioles (both afferent and efferent), and in 
the mechanisms, still puzzling, which control “autoregulation” 
(43). Their relation to the organ’s functional distension is not 
yet known. 
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Distending pressures 


The energy for renal distension is ultimately furnished by 
hydrostatic pressure from the heart: it distends the vascular sys- 
tem in all its ramifications and also in our view the interstitial 
space. Tubular lumina also are naturally distended (17,61) ; pre- 
sumably a fraction of the filtration pressure is responsible. The 
total volume of renal distension is linearly related, as a first 
approximation, to the blood pressure. It rises to full distension at 
about 70 mm Hg. Above this pressure the volume increases but 
little as the pressure is further raised (63). The distending pres- 
sure in the interstitial space is thought to be close to interlobular 
venous pressure and this in turn is close to peritubular capillary 
pressures (67). The three regions we consider to be somewhat 
like a lake, in which hydrostatic pressure differences are minimal, 
but nevertheless filling of the lake and circulation through it does 


occur. 

The measurement of renal interstitial pressure is as difficult as 
the measurement of other interstitial pressures (31), but an 
approximation is furnished by measuring the pressure at the end 
of a needle plunged into the tissue, using null-point procedures 
(20,34,54,69) .° It is admittedly a poor method of measurement 


(49,67). This important pressure in our opinion is best ascer- 
tained, approximately, by measuring interlobular venous pres- 
sures (20,53,67) or deep renal venous “wedge” pressures (6). 
However, these last two measures usually require sacrifice of the 
animals. When the experiment interdicts sacrifice, the null- 
point methods must be relied on, all the while recognizing their 
weakness. 

Renal interstitial pressure (RIP), by the needle method, was 
found by us to average 25 mm Hg (34) and by Miles and de 
Wardener to average 21 mm (33). Other investigators confirm 
these figures in general, with some finding the pressure to be 16 

°The term “intrarenal pressure” has been used by us and by others to 
mean renal interstitial pressures, However, Winton, who originated the term 
to describe the imposed ureteral pressure which just reduces urine flow (68), 
justly points out that the two pressures are not necessarily the same (69). 
Hence we now prefer to use the term “intrarenal pressure” in its original 
sense, and “renal interstitial pressure” to mean just what it says. The short 
term “needle pressure”, as used by Winton, is a good one for the null-point 


procedure. We have sometimes called this technic the “crow-bar method”, 
signalling its crudeness (67). 
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or 17 mm (69). It is related to systemic arterial pressure (BP) 
thus (49,55): 
RIP=.22 BP+9.4 

RIP rises, then, about one-fifth mm Hg for each millimeter rise 
in blood pressure. Renal interlobular venous pressure changes in 
the same fashion, as the blood pressure rises or falls (20,53). This 
no doubt causes the increase in volume of distension that occurs 
as the blood pressure rises. However, RIP continues to rise linear- 
ly as the blood pressure exceeds 70 mm Hg, even though the renal 
volume changes but little at pressures greater than 70 (49,63). 
RIP also rises during diuresis, again reflecting the expansion of 
the kidney in this condition (58). RIP is very high when the 
kidney is compressed during perinephritis with its accompanying 
hypertension, but abnormally low after renal arterial constriction 
with Goldblatt clamps (59, and see below). 

Peritubular vascular pressures and proximal tubular pressures 
have been found in the rat to be about the same (17,18,71); 
furthermore, when one rises, the other does equally: high intra- 
tubular pressures cause high, and equal, peritubular vascular 
pressures, and vice versa. Gottschalk and Mylle (18) interpret 
these data to indicate that the interstitial pressure must also be 
the same, or probably slightly less than the other two. In these 
aspects, our hypothesis that vascular, tubular and interstitial 
pressures are probably about the same (67) is confirmed. How- 
ever, the studies of Gottschalk and Mylle fail to confirm this 
theory at two points. First, pressures for the rat are considerably 
less than the 25 mm Hg found for the dog; being at low urine 
flows about 14 mm. Second, distal tubular pressures at low urine 
flows are 7 mm Hg. But with osmotic diuresis, all pressures are 
about the same and all rise to about 30 mm Hg together in direct 
relation to the volume of urine flow (17,18). 

In man, Brun.-Crone, Davidson, Fabricius, Hansen, Lassen 
and Munck (6) found that the renal interlobular venous pressure 
averages about 18 mm Hg. Presumably, then, the renal inter- 
stitial pressure in man is about the same figure. 


Experimental reduction of the distension: hypertension and 
uremia 

Experimental distortion of the vascular and interstitial spaces 
has led to a better understanding of the physiologic import of the 
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kidney’s functional distension. The technique of experimental 
constrictive perinephritis was used for this study, originally 
described by Soskin and Saphir in 1932 (46). Collodion-soaked 
bandages were wrapped around one kidney of dogs and then 
allowed to harden. The contralateral kidney was then removed. 
The collodion bandages squeeze down on the kidney like a 
straight-jacket, and, probably more important, the removal of 
the contralateral kidney causes a rapid compensatory hyper- 
trophy of the incarcerated kidney. It grows rapidly into the con- 
fines of the unyielding collodion bandage. But there is not enough 
space for both the compensatory growth and the compartments 
normally filled with distending fluids. The latter are sacrificed: 
the compensatory hypertrophy encroaches on any available 
space, with the result that the functional distension of these kid- 
neys is much reduced, blood distension to about 69 per cent of 
normal and interstitial distension to about 51 per cent of normal 
(60). Interstitial pressure rises to about 100 mm Hg, showing 
how high is the turgor within the organ. 

The consequences were dramatic; a malignant hypertension, 
full blown two days post operatively, and soon death in uremia. 
The signs and symptoms of the experimental disease resemble 
very closely those of the uremic syndrome in man; anorexia, 
vomiting and diarrhea, convulsions, coma, edema, polyuria with 
isosthenuria and hyposthenuria, hemodilution, hyponatremia, 
azotemia and anemia (60). The disease ran its fatal course in 
the dogs, on the average, in a week. At autopsy, a widespread 
necrotizing arteriolitis was found in the splanchnic viscera and 
the heart; there was also pronounced ocular pathology, fibrinous 
pericarditis and generalized edema with pulmonary congestion. 
There was, however, one characteristic of the disease which was 
absent: the kidneys, to conventional histopatholic examination, 
were entirely normal. The animals died of renal failure, but there 
was no sign whatsoever of pathologic changes in the kidney. 

Renal function in the uremic dogs was examined with conven- 
tional clearance technics (8): filtration rate, apparent blood flow 
and the secretion maximum for glucose were all reduced by about 
half. The secretion maximum for PAH was found to be zero. The 
ability, then, to transfer actively from interstitial space across 
the tubular walls and into the tubular lumina was very severely 
impaired. 
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We interpret the lesion in these kidneys to be a functional one 
only: it consists of a reduction in their normal functional dis- 
tension, a change which is not perceived with ordinary histologic 
technics. In the first place, the data indicated that minor reduc- 
tion caused hypertension only, but that more severe reduc- 
tion caused hypertension and fatal uremia. The 21 animals 
studied fell naturally into two groups. The first showed only mild 
symptoms of uremia; they were not anorexic or hyposthenuric 
and would probably have survived indefinitely. The second group 
had changes so severe as eventually to have been incompatible 
with life. Both groups experienced severe hypertension. But the 
life-and-death difference between the two appeared to reside in 
the degree of reduction, not of their blood distensions, but of their 
interstitial compartment distensions. In those with mild symp- 
toms, interstitial distension was 74 per cent of normal, but in 
those with severe symptoms it was reduced to 41 per cent of 
normal. 

These findings give a clue to the primal reason for the kidney’s 
functional distension: it is an essential morphologic accompani- 
ment for the organ’s special interstitial circulation. Without a 
profuse flow of plasma throughout the distended interstitial com- 
partment, the renal tubules are poorly irrigated with plasma: 
they are not presented with enough plasma to work on, and hence 
the kidney acts in the inflexible manner so characteristic of 
uremia. It canot adjust the pH; it cannot respond to water loading 
or to water-deprivation; it cannot excrete substances actively. 

The reduction in distension is postulated to be the critical 
stimulus which causes the response we now designate as renal 
hyptension, i.e., secretion of renin and the other still obscure 
mechanisms which raise systemic blood pressure. This is the 
kidney’s feedback mechanism to protect its own peculiar circula- 
tory aparatus: it ensures to the organ the blood pressure required 
to distend its special interstitial compartment. The distension is 
known to be caused by the “inflating” action of the blood pressure 
(see above). When distension fails, therefore, the feedback mech- 
anism is stimulated and hypertension ensues; this raises the 
animal’s systemic pressure and hence restores normal distension. 
In the present experiment, the failure of distension was caused by 
the constraining effect of the collodion hull. In Goldblatt’s experi- 
ment (16), entailing partial constriction of the renal arteries, 
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the initiating event, we postulate, is different, but the critical 
stimulus and the final results are the same. The constricting 
clamp reduces the blood pressure distal to it (30); the kidney 
therefore partly collapses, for its distension depends upon ade- 
quate blood pressure. The reduced distension then calls into play 
the feedback mechanism, just as it does in the perinephritides 
(37). That renal hypertension is not fundamentally due to renal 
ischemia (although ischemia usually accompanies it) is widely 
believed (5,44). But we postulate that the fundamental derange- 
ment in vascular function is a reduction in functional distension. 

The feedback mechanism works rapidly, as in shock (34). It 
may at times be disastrously self-centered, as in malignant hyper- 
tension: the kidney at such times apparently insists on its own 
distension at the expense of the body’s health. Goldblatt reported 
in 1938 (15) that severe renal arterial constrictions cause malig- 
nant hypertension and uremic death just as we have observed in 
the present experiment. Also, significantly, in his dogs no renal 
pathelogy was apparent, even though they were dying of renal 
failure. Here also the lesion is evidently a functional lesion only. 

We have also suggested that the same change is frequently 
at work in human disease: glomerulonephr-tis sets Goldblatt 
clamps, as it were, on each glomerular capillary. The blood 
pressure distally is low and hence the kidney collapses, activating 
the feedback mechanism. The inflammatory reactions, with scar- 
ring and contraction, of pyelonephritis and other common kidney 
diseases, put an internal constraint upon the organ and prevent 
its natural distension. We have also suggested that the kidney. 
being an elastic tissue, must be subject to the same loss of elasticity 
during ageing as occurs in other tissues, e.g., the lens of the eye 
or the walls of arteries or the skin. With this stiffening of the 
kidney, the organ would become less distensible, and hence the 
rise in arterial pressure that usually occurs in ageing might be 
caused by this same factor of reduction in normal renal disten- 
sion. Similarly, in essential hypertension, the defect might very 
well be a premature loss of natural elasticity in the kidney (60). 
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UTILIZATION OF AMINO ACID ESTERS 
BY INTACT CELLS 


JEROME EpELSON, JEAN HUMPHREYS AND WILLIAM SHIVE* 


Derivatives of amino acids have been observed to be utilized 
more effectively than the corresponding free amino acid by in- 
tact cells under particular conditions. For example, it has been 
demonstrated that a peptide (Simmonds and Fruton, Stone and 
Hoberman, Hirsch and Cohen. Kihara and Snell), an a-keto acid 
(Eiduson and Dunn, Dien et al.), or an a-hydroxy acid (Eiduson 
and Dunn) under appropriate conditions, at a lower concentra- 
tion than the corresponding free amino acid, may replace the 
amino acid requirement of an intact cell. The enhanced activity 
of the derivatives apparently results from an inability of the cell 
to utilize the free amino acid effectively as a consequence of 
either a genetic change in the organism or the presence of sub- 
stances which prevent utilization of the free amino acid but not 
the derivatives. It is apparent that assimilation of an exogenous 
amino acid requires an enzymatic or enzymatic-like step which 
is not involved in the utilization of the derivatives. This step 
could be concerned with the penetration of the amino acid to its 
site of utilization within the cell or may involve the formation of 
an active complex (Shive and Skinner). 

In this investigation of the biological activity of amino acid 
esters, the types of amino acid derivatives which can be utilized 
more effectively than the corresponding free amino acid by in- 
tact cells uder appropriate conditions have been extended to in- 
clude amino acid esters. 


Experimental Procedures 


Compounds. The methyl ester hydrochlorides were prepared by suspending 
the amino acid in dry methanol and passing hydrogen chloride into the cooled 
reaction mixture. The solvent was removed in vacuo, and the ester hydro- 
chlorides were recrystallized from ethanol-ether. Chromatographically the 
samples contained no detectable free amino acid. A sample of glycyl-pt--2- 


* From the Clayton Foundation Biochemical Institute and the Department 
of Chemistry, The University of Texas, Austin, Texas. Paper accepted for 
publication July 12, 1960. 
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thienylalanine was kindly supplied by Dr. F. W. Dunn of the Department of 
Chemistry, Abilene Christian College, Abilene, Texas. 

Growth assays. For assays with Lactobacillus arabinosus 17-5 the procedure 
of Ravel et al. was employed with the following changes: valine was omitted 
from the basal medium; calcium pantothenate was added to give a concentra- 
tion of 0.2 y per ml.; adenine, guanine, uracil and biotin were decreased to 
47, 4 y, 4 Y and 0.001 y, respectively, per ml. Solutions to be tested were 
diluted with sterile water and added aseptically to the previously autoclaved 
assay tubes without being heated. 

Adaptive enzyme synthesis. Experiments involving the synthesis of the 
malic enzyme of L. arabinosus were carried out as described by Ifland and 
Shive, The extent of enzyme synthesis was determined by the amount of 
carbon dioxide evolved by the action of the enzyme on malic acid. The 
medium was used as described except that the concentration of amino acids 
was increased ta 100 y of the L- or 200 y of the pt-form per ml. In the valine- 
isoleucine system, valine was omitted from the basal medium and added as 
indicated in the table. In the phenylalanine-thienylalanine system, phenyl- 
alanine was omitted from the basal medium and added as indicated in the 
table. 


Results and Discussion 


The methy] ester of valine can replace valine in promoting the 
growth of L. arabinosus but higher concentrations of ester than 
of the corresponding free amino acid are required to promote 
growth. Isoleucine, which is a competitive antagonist of valine 
in this organism (Dien et al.), does not effectively inhibit the 
methyl ester of valine as indicated in Table I. Only at sub-opti- 
mal concentrations of the valine ester can appreciable inhibition 
be obtained. In the presence of higher concentrations of the valine 
ester, the inhibitory effect of isoleucine is barely demonstrable. 
Under these conditions the methyl ester of isoleucine, at approxi- 
mately 20 times the concentrations of the valine ester, inhibits 
growth to about half that obtained in the absence of the analog. 
These results suggest that the inhibition of the utilization of the 
methyl ester of valine by the ester of isoleucine is competitive. 
The methyl ester of isoleucine is as much as four times more 
effective than the free amino acid in inhibiting the utilization of 
the methy] ester of valine. 

Since these effects on growth could involve essential functions 
of the amino acid other than protein synthesis, a study of the 
effect of the methyl ester of valine on the adaptive malic enzyme 
of L. arabinosus was undertaken. As indicated in Table II, the 
methyl ester of valine replaces the free amino acid in promoting 
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TABLE 1 


Inhibition of the utilization of the methyl ester of valine for growth of 
L. arabinosus*® 





Galvanometer readings” 














Inhibitor 
Methy!| ester Inhibitor Methy! ester 
of pi-valine® concentration p-Isoleucine of pt.-isoleucine* 
Y per 5 ml mg. per 5 ml a 
50 0 21 25 
50 1 16 11 
50 2 11 8 
50 5 9 5 
100 0 38 38 
100 1 33 26 
100 g 32 21 
100 5 28 15 
100 10 20 
200 0 58 58 
200 2 52 45 
200 5 45 30 
200 10 +1 22 
200 20 36 





® Test organism incubated at 30° for 20 hours 
> A measure of culture turbidity; distilled water reads 0. an opaque object reads 100. 
© Hydrochloride salt 


adaptive enzyme synthesis. Under conditions such that the utili- 
zation of a supplement of valine is inhibited by a high concen- 
tration of isoleucine, the methy] ester of valine is effectively uti- 
lized for enzyme synthesis. Under the same conditions, a corre- 
sponding increase in free valine concentrations has very little 
effect in comparison to that of its ester. The utilization of the 
methyl ester of valine under these conditions is inhibited by a 
concentration of the methyl ester of isoleucine considerably be- 
low that of the free isoleucine already present. 

From these results it is apparent that the utilization of the 
methy] ester of valine occurs by a metaboli¢ route not involving 
an essential inhibited site of utilization of valine. A separate 
site of competitive inhibition involving the free amino acids exists 
apart from that involving the methy] esters. 

This relationship between an amino acid and its ester exists 
with another amino acid as shown in Table III. Either pheny!- 
alanine or its methy] ester is utilized in the synthesis of the adap- 
tive malic enzyme. If the utilization of phenylalanine is pre- 
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vented by £-2-thienylalanine, the methyl] ester of phenylalanine 
is more effective in overcoming the inhibition than additional 
supplements of free phenylalanine. The utilization of the methy] 
ester of phenylalanine for enzyme synthesis is prevented more 
effectively by the ester of thienylalanine than by the free amino 
acid analog. In separate experiments, glycylthienylalanine was 
ineffective in preventing the utilization of the methyl ester of 
phenylalanine. 

From these results it is apparent that the utilization of amino 
acid esters proceeds through a metabolic pathway which does not 
involve an essential step in the utilization of free, exogenous 
amino acid. Whether this step is involved in the transport of the 
free amino acid into the cell or in the formation of an active com- 
plex within the cell is not apparent from this data. 


Summary 


The methyl] esters of valine and phenylalanine can replace 
the corresponding free amino acid for growth of Lactobacillus 
arabinosus 17-5 and synthesis of the adaptive malic enzyme. 


TABLE 2 


Inhibition of the utilization of the methyl ester of valine by the methyl ester 
of isoleucine for adaptive malic enzyme synthesis in L. arabinosus 





Supplements Enzyme activity 
lethyl ester Methyl ester per cent 
pt-Valine pi lsoleucine of m.-valine® of pt.-isoleucine* of control 
Y per ml mg. per mil Y per ml mg. per mil 

QO» 15 
0 0 10 0 27 
0 0 30 0 55 
0 0 100 0 86 
100 0 0 0 100 
100 10 0 0 24 
150 10 0 0 30 
100 10 10 0 33 
100 10 20 0 43 
100 10 50 0 60 
100 10 50 | 46 
100 10 50 2 39 
100 10 50 5 33 





® Hydrochloride salt 
Medium contains 200 y pt-isoleucine per ml 





600 Edelson, Humphreys and Shive 
TABLE 3 


Inhibition of the utilization of the methyl ester of phenylalanine by the 
methyl ester of thienylalanine for adaptive malic enzyme 
synthesis in L. arabinosus 





Supplements Enzyme activity 
Methyl ester Methy] ester Per cent 
e of TA®-¢ of control 





mg. per ml or mg. per ml. 
24 
100 
28 
45 
75 
33 
108 
68 
27 


oo 


nAowrwanga 


~ 
ja) 





® p_-Phenylalanine. 

> p_-£-2-Thienylalanine 

© Hydrochloride salt 
Isoleucine, which at high concentrations inhibits valine, is not as 
effective as its methyl ester in preventing the utilization of the 
methyl ester of valine, for either growth or adaptive enzyme 


synthesis. Similar results are obtained with the methyl] ester of 
8-2-thienylalanine, which is more effective than the free amino 
acid analog or its glycy! peptide in the inhibition of the utilization 
of the methy] ester of phenylalanine. The pathways of utilization 
of amino acid esters do not involve one of the essential steps in 
the utilization of free, exogenous amino acids which is inhibited 
by analogs of the free amino acids. 
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A RE-EVALUATION OF THE SUBMICROSCOPIC 
STRUCTURE OF LIVER 


James C. HAMPTON 


The introduction of the electron microscope as an instrument 
for research in biology has led to the establishment of many new 
concep‘s in morphology and physiology. Unfortunately there is 
a growing tendency to accept these concepts and to apply them 
to experimental studies without proper testing under conditions 
of new and improved methods. Because of the rapid development 
of better methods of specimen preparation and instrumentation, 
periodic re-examinations of normal cells and tissues are required 
in order that knowledge of ultra-structure keep pace with techni- 
cal progress. Among the more important recent advances in 
specimen preparation is the use of epoxy resins as embedding 
media. These compounds reportedly polymerize more uniformly 
than methacrylates and do so with much less shrinkage (4). With 
regard to liver studies, shrinkage is a primary factor where inter- 
cellular relations play a prominent role in the correlation of 
structure and function at the submicroscopic level. This is espe- 
cially important in the evaluation of patholog cal and experimen- 
tally induced changes. It is the purpose of this paper to call 
attention to differences in intercellular relations between hepatic 
parenchymal cells, between parenchymal cells and the sinusoidal 
lining. and between sinusoidal endothelial cells as observed under 
conditions of methacrylate and epoxy resin embedding. 


Materials and Methods 


Blocks of liver 1 x 1 X 2mm were excised from rats, mice and a calf. All 
tissues were fixed for 1 hour at 4° C. in 1% buffered osmium tetroxide solution 
(7) with the addition of sucrose as recommended by Caulfield (2). The blocks 
were dehydrated by passing them through 35%, 50%, 70%, and 95% ethanol 
solutions allowing 3 minutes in each. Final dehydration consisted of 10 
minutes in each of two changes of absolute ethanol followed by one change of 
0.1% phosphotungstic acid in absolute ethanol. Blocks to be embedded in a 


4 Many of the observations presented in this paper were reported before the 
4th Annual Meeting of Texas Anatomists at Houston, Texas, on November 6, 
1959. 

» Department of Anatomy, Baylor University College of Medicine, Houston, 
Texas. Paper accepted for publication July 18, 1960. 
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75% N-butyl-25% methyl methacrylate mixture were treated for 30 minutes 
in each of two changes of monomer and then embedded in a prepolymerized 
mixture at 45° C. for 12 hours. Blocks to be embedded in epoxy resin were 
treated according to Luft’s modification (6) of the Glauert and Glauert method 
(4) which consisted of dehydration in ethanol, as previously described, but 
followed by 30 minutes in each of two changes of propylene oxide, and then 
three hours in a 1:1 solution of propylene oxide and araldite embedding mix- 
ture. The blocks were then transferred to the araldite mixture and poly- 
merized according to the following schedule: 35° C. overnight, 45° C. all day, 
60° C. overnight. Sections were cut on a Porter-Blum ultramicrotome and 
examined in RCA EMU-2c and Elmiskop I microscopes. 


Observations 


The sinusoidal endothelium: Under conditions of epoxy em- 
bedding the endothelial lining of the hepatic sinusoid is charac- 
terized by the same features that have previously been described 
in sections obtained from liver embedded in methacrylate (1,3.5 
and 9). Namely, that gaps exist between endothelial cells, that 
adjacent endothelial cells overlap without evidence of attach- 
ment by desmosomes and that the endothelium has no prominent 
connective tissue investment. It was noted, however, that en- 
dothelial gaps observed in sections cut from specimens embedded 
in araldite were rarely more than 0.25, across (figure 1), while 
such gaps previously observed in specimens embedded in meth- 
acrylate frequently measured 0.5-0.75y. Earlier investigations 
have failed to demonstrate a perivascular supporting basement 
membrane between the sinusoidal lining and parenchymal cells 
(1), but it now appears that a material indistinguishable from 
basement membrane occupies the space of Disse (figure 3). 

Relations between parenchymal cells and endothelial cells: 
The perivascular space of Disse, a space bordered on the one side 
by sinusoidal endothelial cells and on the other by the surface of 
parenchymal cells, has been shown to be a plasma space by virtue 
of gaps that exist between endothelial cells (3, 5, and 9). The 
present study supports this concept but directs attention to figures 
1, 2 and 3 where it will be noted that the average width of the 
space is about 0.54—somewhat less than the average width of 
such a space as observed in specimens embedded in methacrylates 
(figure 4). 

The hepatic parenchymal cell: Three regions of the paren- 
chymal cell membrane figure prominently in this study. They 
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are (1) the perisinusoidal surface, (2) the borders between par- 
enchymal cells, and (3) the bile canaliculus. Each of these is 
sufficiently important to warrant separate consideration. 

The perisinusoidal surface: Microvilli on the perisinusoidal 
surface of parenchymal cells appear to provide some support for 
the sinusoidal lining. Comparison of figures 1, 2 and 3 with 
figure + reveals that microvilli in this region appear to be thicker 
and shorter and to bear a much closer relationship to the sinu- 
soidal endothelium under conditions of epoxy embedding. Also 
seen in figures 1, 2 and 3, are many small vesicles in the cyto- 
plasm immediately beneath the microvilli. Such vesicles were 
not so obvious in livers embedded in methacrylate (figure 4). 
Vacuoles ranging in size from 0.25u-1p were commonly seen 
in the same region of parenchymal cells with both methods of 
embedding. 

The borders between parenchymal cells: Figure 5 demon- 
strates the kind of shrinkage and separation of plasma mem- 
branes between adjacent parenchymal cells that has been 
frequently observed in electron micrographs published on spec- 
imens embedded in methacrylates (3,5 and 8). The separation 
was usually complete except at the desmosome (D) bordering 
the bile canaliculus (BC) and at one or more points between 
the bile canaliculus and the perisinusoidal space (arrows figure 
6). Figure 6 summarizes the findings on the intercellular rela- 
tions of parenchymal cells as observed in specimens embedded 
in araldite. Figure 6 represents a segment of intercellular border 
near the bile canaliculus. The space between adjacent cell mem- 
branes is quite uniform and shows little or no evidence of sepa- 
ration. Figure 6 also provides an explanation for the failure of 
some parenchymal cells to separate completely when shrinkage 
occurs in specimens embedded in methacrylate. Desmosomes 
(D) are clearly demonstrated at several points along the mem- 
branes at about the same locations where interlocking relations 
of the plasma membranes were observed by Fawcett (4). It is 
presumed that these structures provided attachments sufficiently 
strong to resist separation caused by shrinkage. 


Discussion 


Two observations have resulted from this investigation that 
are directly related to the functional! capabilities of hepatic par- 
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_ Fic. 1. A cross section of an hepatic sinusoid observed in mouse liver show- 
ing an erythrocyte in the lumen. E-endothelial cell; G-gap between endo- 
thelial cells; SD-space of Disse; H-parenchymal cells. Note large vacuoles 
(VAC) near the sinusoidal surface of the parenchymal cells and microvilli 
(MV). Specimen embedded in araldite. X 22,000. 
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enchymal cells. Namely, that a supporting basement membrane 
external to the sinusoidal endothelium might very well exist and 
that intercellular relations between parenchymal cells conform 
to accepted views concerning the structure of other epithelial 
tissues. 


Fic. 2. A cross section of a sinusoid observed in mouse liver. A leukocyte 
(LEU) can be seen in the lumen. Note irregularities in the thickness of endo- 
thelial cell cytoplasm and the numerous vesicles (V) in the cytoplasm of the 
og parenchymal cells at the perisinusoidal surface. Embedded in araldite. 

14,500. 
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In attempting to classify capillaries on a morphological basis 
(1), the sinusoidal endothelium has been assigned to a group 
characterized, in part, by the absence of a complete investing 
basement membrane. It now appears that this basis for classifi- 
cation in liver is open to question (10). If the material observed 
in the space of Disse in figure 3 is basement membrane substance, 
then this type of endothelium does have a complete basement 
membrane. However, the abundance of cytoplasmic vesicles at 
the perisinusoidal surface of parenchymal cells suggests that sub- 
stances in solution were being removed from plasma by pino- 
cytosis and/or added to plasma as a result of hepatic endocrine 
secretion. If the material in the space of Disse could be shown 
to be related to concentration of plasma proteins or to secretory 
products, it would perhaps be inappropriate to consider the sinu- 
soidal endothelium to be supported by basement membrane. The 
rapidity with which intravenously injected colloidal particles of 
HgS find their way into the space of Disse and into the cytoplasm 
of parenchymal cells argues against the existence of a basement 
membrane (5). 


Fic. 3. A portion of a sinusoid showing the endothelium (E), the space of 
Disse (SD) and the perisinusoidal surface of a parenchymal cell. Note that 
an amorphous substance resembling basement membrane material fills the 
space of Disse. Embedded in araldite. X 30,000. 
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Fic. 4. A region similar to that s 
liver embedded in methacrylate. X 15.000. 


Turning now to the relations between parenchymal cells, it 
has keen shown that separations between parenchymal cells ob- 
served in liver embedded in methacrylate are artifacts. Since no 
interlocking regions between parenchymal cells have been ob- 
served in araldite embedded material, it is concluded that these 
structures are also alterations which can be traced to distortion 
during embedding and perhaps during sectioning. Examination 
of figures 23 and 31 published by Fawcett (4) will reveal that 
interlocking arrangements between adjacent parenchymal cells 
occurred when the plane of section passed logitudinally along 
intercellular borders but that when the plane of section was per- 
pendicular to this axis, as in his figure 31, very wide separations 
between parenchymal cells occurred and intercellular attach- 
ments were destroyed except at the desmosome bordering the bile 
canaliculus. Hence, it is possible that compression during section- 
ing could have produced folds or interlocking structures in mem- 
branes where desmosomes were present. 

The present study supports earlier findings that araldite offers 
a substantial improvement over methacrylates in the preserva- 
tion of intracytoplasmic fine structure, and advances the view 
that intercellular relations are also more faithfully preserved. 
This does not mean that all defects between cells observed under 
conditions of methacrylate embedding can be attributed to shrink- 
age and polymerization damage. Some of the same artifacts can 
be produced by prolonged fixation. 
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Since fixation occurs as the fixative penetrates the tissue, it is 
reasonable to expect that components of the fixing fluid should 
be bound to reactivate sites during penetration. Accordingly, the 
composition of the fluid should change progressively in such a 
way that different regions of the same cell would be exposed to 
slightly different concentrations of fixative. Hence, minor vari- 
ations in the quality of fixation should be expected over limited 
areas of a section, but major variations between cells at the 
periphery and cells at the center of the same section should also 
be anticipated. If the rate of penetration is slow, the amount of 
time permitted for fixation will vary according to location within 
the block. These factors, changing concentration of fixative and 
time required for penetration, probably contribute to so-called 
over fixation and under fixation. Thus it is apparent that tech- 
niques of specimen preparation prior to embedding and of trim- 


Fic. 5. An oblique section of a bile canaliculus (BC) and adjacent parenchy- 
mal cells. This figure demonstrates the separation of parenchymal cell mem. 
branes between the canaliculus (BC) and space of Disse (SD) which is often 
seen in tissues embedded in methacrylate. Several points of attachment be 
tween membranes remain as indicated by the arrows, X 12,000. 
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Fic. 6. Two desmosomes can be observed at the right of the figure. These 
structures were located near the bile canaliculus (BC), at the right margin 
of the picture. Embedded in araldite. X 37,000. 


ming blocks prior to sectioning bear importantly upon the quality 


of the final image obtained at the microscope. 

During the course of this study, examination of sections of 
liver embedded in methacrylate revealed occasional small groups 
of cells where intercellular relations between parenchymal cells 
had not been appreciably altered. But no structure resembling 
the desmosome was observed along intercellular borders inter- 
mediate between the bile canaliculus and the sinusoid. This in- 
dicates that important details of fine structure in this region 
might not be detected in tissues embedded in methacrylate even 
though intercellular relations remained intact. Occasionally 
wide separations between parenchymal cells were found in spec- 
imens embedded in araldite. It was noted, however, that such 
separations always occurred near the edge of the block where 
damage resulting from excision of the specimen and subdivision 
of the tissue was most likely to occur and where tissue was ex- 
posed for the longest time to high concentration of fixative. 

Attention has been called to the lack of uniformity of image 
quality over the cross sectional area of a block of tissue by other 
workers (3, 7 and 8). These authors and other experienced in- 
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vestigators are aware of the defects described above and regard 
them as deficiencies in preservation of fine structure which seri- 
ously limit interpretation of data. The less experienced individual 
might very well seize upon such artifacts as true representations 
of normal structure, or in the case of experimental studies, in- 
terpret them as morphological changes brought about by experi- 
mental conditions or disease. Porter (8) has discussed the im- 
portance of recognizing variations in image quality within a 
block of tissue, and in doing so, makes mention of the fact that 
no one has found a way to avoid all or most of the variation. 
The author is in complete accord with this view but wishes to 
express the opinion that the introduction of epoxy resins is a 
significant contribution toward more uniform preservation of 
fine structure. 
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MINIMUM NUTRITIONAL REQUIREMENTS FOR 
MUCINASE SYNTHESIS BY V/JBRIO CHOLERAE 


Mary B. Howarp* anp C. E. LANKForD? 


Liquefaction of the protective mucin coat and epithelial de- 
tachment in excised small intestine of experimental animals 
treated with culture filtrates of Vibrio cholerae have been at- 
tributed to mucinolytic enzymes (Burnet and Stone, 1947; Pol- 
litzer, 1955), and a role in the pathogenesis of human cholera 
has been postulated for the enzyme designated as mucinase I 
by Burnet and Stone. Because of the biochemical complexity of 
culture filtrates, this hypothesis cannot be subjected to rigid tests 
until purified mucinase and its corresponding monospecific anti- 
body are available. Purification of mucinase might be facilitated 
if it were produced in a simple chemically-defined medium, and 
several unsuccessful attempts have been made to define the mini- 
mum cultural requirements for its synthesis (Singer, et al, 1948; 
Lowenthal, 1956). In the study described here, certain of these 
minimum requirements have been identified (Howard, 1956). 


Methods 


Most of the cultures of V. cholerae used in this study were isolated in Cal- 
cutta in 1953 by Burrows and Lankford, and have been described by Husain 
and Burrows (1956). They have been maintained in this laboratory in the 
lyophilized state, except that stocks were carried in soft nutrient agar stab 
cultures during this study. Although many of the routine tests were conducted 
with a single strain of this series, C-381, other strains were used for confirma- 
tion of important results. 

Seed cultures were grown on brain heart infusion agar slants (Difco) for 
18 to 24 hours, then suspended in 3 to 5 ml of the defined basal medium; one 
drop of this suspension was inoculated to 20 to 30 ml of the test medium in 
125 ml flasks. Growth was estimated as turbidity in terms of scale units of the 
Klett-Summerson electrophotometer; dense growth often necessitated prior 
dilution of the culture aliquot. 

A sucrose-ammonium-mineral salts medium found by Finkelstein and 
Lankford (1955) to support good growth from small inocula of V. cholerae, 
was chosen as the point of departure, except that the ammonium ion concen- 


* Present address: Fort Detrick, Frederick, Maryland, Paper accepted for 
publication August 20, 1960. 
» Department of Bacteriology, The University of Texas, Austin. 
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tration was increased to 400 ug per ml. Brain heart infusion broth (BHI) was 
used as a reference for comparison. All media were adjusted to pH 8.0. Ovo- 
mucin, prepared from fresh eggs by the method of Gottschalk and Lind 
(1949), served as the mucinase substrate. The procedure of Burnet (1949) for 
titration of mucinase I activity was followed, with the exception that tris 
buffer, pH 8.0, was substituted for borate. One per cent cetyl trimethyl am- 
monium bromide (CTAB) was chosen to precipitate undigested mucin for 
endpoint determinations, since ovomucin acted upon by neuraminidase (RDE; 
“receptor destroying enzyme”) remains precipitable with this reagent, there- 
by limiting the determination to mucinase I. Clear supernatants of centrifuged 
cultures usually were tested for mucinase, as their titers were identical with 
those of corresponding culture filtrates. 


Results 


Burnet and Stone (1947) used as their mucinase preparations 
the fluid expressed from soft agar, brain heart infusion plate 
cultures of V. cholerae, and most subsequent investigators have 
followed their method. It has been assumed that since mucinase 
is produced in agar plate cultures, but not in broth cultures, agar 
must exert some stimulatory effect, possibly as a consequence of 
its colloidal structure (Singer, et al, 1948; Chugh, et al, 1956). 
However, Lam, Mandle and Goodner (1956) noted without ex- 
planatory detail that mucinase is produced in BHI broth cultures 
subjected to forced aeration, and Mason (1956) found forced 
aeration of broth to increase yields of neuraminidase. The effect 
of aeration on mucinase production was determined early in this 
study. Whereas no detectable muc‘nase was found in stationary 
BHI broth cultures, titers of 1: 1024 to 1:2048, equal to those of 
BHI soft agar plate cultures, were produced regularly in BHI 
broth aerated on a mechanical shaker. The addition of sterile 
granular agar, agar washings or washed agar failed to stimulate 
mucinase production appreciably. 

Having established that aeration is essential to mucinase pro- 
duction, aerated cultures of the sucrose-ammonium-mineral salts 
medium next were examined for mucinase. Although maximum 
cell counts exceeding 10'° were attained in this medium, mucin- 
ase was found irregularly, and then only in titers from 1:2 to 
1:16. These results suggested that either the nutritional require- 
ments for mucinase synthesis are more complex than those for 
growth, or that mucinase production is adaptive and requires an 
appropriate inducer. Encouraging results were obtained when 
the former possibility was tested by adding complex nutrient 
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supplements to the basal medium in concentrations ranging from 
0.001 to 1.0 per cent. The most effective supplement was 1.0 
per cent “vitamin-free” casein hydrolysate, which produced a 
mucinase titer of 1: 1024 after 24 hours incubation. This was fol- 
lowed by yeast extract (1:512), peptone (Bacto) and brain heart 
infusion broth (1:256), and beef extract (1:32). Since the acid 
soluble mineral ash prepared from an equivalent amount of 
casein hydrolysate or from peptone failed to enhance mucinase 
production when added to the basal medium, the effect of these 
supplements was attributed to organic compounds, and probably 
to amino acids. This assumption seemed justified by tests with a 
‘synthetic casein hydrolysate,’ compounded of L-amino acids in 
concentrations reported for casein, which produced mucinase 
titers (1:1024 to 1:2048) comparable to casein hydrolysate it- 
self. Simultaneous omission of the aromatic amino acids, pheny]- 
alanine, tyrosine and tryptophane, from this mixture reduced 
the mucinase titer to 10 to 20 per cent of that of the complete 
amino acid mixture; omission of the other amino acids in groups 
of 3 or 4 at a time lowered the titer only by one-half to one- 
fourth. Thereafter, the investigation was focused upon the stimu- 
latory effect of individual amino acids and of combinations of 
the more effective ones. 

Nineteen L-amino acids first were tested individually as sup- 
plements to the basal medium in concentrations equivalent to 
those in 1 per cent casein hydrolysate. Although only glutamine 
produced a significant increase in the final cell concentration 
over that of the basal medium, all amino acids except glycine, 
serine and aspartic acid increased mucinase titers above that of 
the basal medium (1:8). Histidine, tyrosine, phenylalanine. 
isoleucine and glutamine were most effective, producing titers 
from 1:128 to 1:512. Titers of 1:64 were obtained with arginine, 
cystine. lysine, methionine and valine; cultures with alanine, 
glutamic acid. proline. hydroxyproline, threonine or tryptophane 
vielded titers of 1:16 to 1:32. The more effective amino acids 
then were tested as supplements over a concentration range from 
10 to 1000 pg per ml; the results (Table 1) suggest that their 
concentration might be increased for a maximum effect. 

A mixture of the most effective amino acids, tyrosine, phenyl- 
alanine, isoleucine and histidine, were tested at concentrations 
of each compound of 300 and 1000 yg per ml in the basal me- 
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TABLE 1 


Mucinase titer in relation to amino acid concentration in basal medium 





Reciprocal of mucinase titer* 


Supplements added to basal medium 


Concentration Casein Phenyl- Isoleu- 
wg per ml hydrolysate’ Tyrosine Histidine alanine cine 


0 8 8 8 8 

10 16 8 8 16 
30 16 8 32 
100 32 16 32 64 
300 64 64 128 
1000 256 256 256 256 





4 V. cholerae strain C-381; 26 hours incubation. 
b Titers of 1:1024 to 1:2048 usually produced with 10,000 wg casein hydrolysate per ml basa 
medium (1.0°). 


dium. In a series of tests these mixtures produced titers ranging 
from 1:256 to 1:2048, and generally were one or two tubes lower 
than those obtained with 1.0 per cent casein hydrolysate or with 
the “synthetic casein hydrolysate.” It appears likely that a more 
effective amino acid combination might be found by exhaustive 
tests. An increase in the total amino acid concentration also 
might increase the mucinase yield. However, the N concentra- 


tion in this medium is not the limiting factor in mucinase produc- 
tion, since ammonium ion concentrations greater than 400 ng 
per ml increased neither growth nor mucinase. The addition of 
5 wg per ml of filtered pyridoxal to the basal or to the amino 
acid medium also failed to enhance mucinase production. 

The foregoing results suggest that the rate of synthesis of 
amino acids, particularly those of the aromatic series, is the pri- 


mary limiting factor in mucinase synthesis in the defined me- 
dium. Nevertheless, other factors may be important. For exam- 
ple, Ca ion was found to produce a slight increase (2 to 4 fold) 
in mucinase titer when 3 to 10 »g per ml were added to the basal 
medium, but its effect has not been tested in an amino acid-sup 
plemented medium deprived of Cat +. Preliminary tests indicate 
that K+, over and above the minimum concentration required for 
growth, is necessary for mucinase production, Although crude 
preparations of ovomucin and hog gastric mucin failed to in 
crease mucinase production when added to the basal medium al- 
ready supplemented with 1000 ng per ml of L-glutamine, these 
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tests were incomplete and inconclusive. Further investigations of 
the effect of ions and of the mucopolysaccharide substrate and its 
derivatives are strongly indicated. It may be noted that galacto- 
samine was reported to enhance neuraminidase synthesis in a 
partially defined medium (Feldman, 1957), and that neura- 
minic acid, but not N-acetylglucosamine plus pyruvate, was 
found to cause a 5 to 8 fold increase of neuraminidase in nutrient 
broth (Ada and French, 1957). Finally, it has been observed 
that maximum mucinase titers in the basal medium, supple- 
mented with amino acids or with casein hydrolysate, often were 
inversely related to the inoculum size, although the maximum 
cell count is independent of the inoculum even in the unsupple- 
mented medium. Possibly some carry-over of a “trace” stimu- 
lant is involved. 

The time-course of mucinase production in aerated cultures 
was followed by removing aliquots for assay at intervals during 
incubation from 14 to 32 hours. Mucinase appeared at 14 hours 
in BHI broth and in the basal medium supplemented with 1 per 
cent casein hydrolysate, and at 18 hours in the somewhat more 
slowly growing culture supplemented with the mixture of four 
amino acids, tyrosine. phenylalanine, isoleucine and histidine 
(500 »g per ml, each). Although turbidity of all cultures ap- 
proached their maxima by 22 hours, mucinase continued to ac- 
cumulate, attaining maximum values at 28 to 30 hours. Thus, 
mucinase synthesis begins during the exponential growth phase 
and continues for a time after growth ceases. 

The mucinase titers of 13 strains of V. cholerae were deter- 
mined after 26 hours incubation in the several test media (Table 
2). These included eight strains of the Ogawa serotype, three of 
Inaba (C-401, K-112 and NIH35A3) and two antigenically 
rough strains. All thirteen strains produced mucinase of moder- 
ate or high titer in BHI broth and in the casein hydrolysate- 
supplemented basal medium. The two antigenically rough 
strains, C-324 and C-385, isolated on the 4th and 5th days, re- 
spectively. from patients 32 and 38 of the 1953 Calcutta series 
(Husain and Burrows, 1956), showed negligible mucinase ac- 
tivity at 26 hours in the amino acid medium. However, these 
strains, as well as C-401, grew slowly in this and in the basal 
medium, probably as a consequence of selection of auxotrophic 
mutants during their transfer in the nutrient agar stock culture. 
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TABLE 2 


Strain differences in mucinase production in aerated fluid media 





Reciprocal of mucinase titer after 26 hours incubation 





Basal medium plus 





No Amino Casein Brain heart 
Strain* supplement acids” hydrolysate 1% infusion broth 
C-11 8 512 512 
C-21 8 512 2048 
C-141 1 2048 2048 
C-321 512 1024 
C-324(R) 256 1024 
C-371 1024 2048 
C-381 256 1024 1024 
C-385(R) 512 1024 
C-401 128 2048 


NIH 41 512 1 

NIH 35A3 256 56 
D-2 - 2048 2048 
K-112 ) 1024 2048 





to to mM to 








* Strains designated as C- are representatives of the Calcutta series (Husain and Burrows, 
1956). Those designated as (R) are antigenically rough. The other + strains are from miscel 
laneous sources 

> Tyrosine, phenylalanine, histidine and isoleucine, 500 ug/ml, each 
All grew rapidly from small inocula in this medium soon after 
isolation. Since these R strains produced mucinase titers in BHI 
broth as high as the S strains from the same patients (C-321 and 
C-381), these data afford little or no basis for agreement with 
Singh and Ahuja (1953) that the “capacity for mucinase pro- 
duction is lost or diminished upon roughening.” 

Preliminary studies with strain C-381 suggest that the amino 
acid-supplemented basal medium possesses some degree of speci- 
ficity for mucinase production. For example, no amylase could be 
detected in the culture supernatant of this or of the casein hydro- 
lysate medium although it was produced in BHI broth. Protease, 
however, was found in the culture supernatant of all media ex- 
cept in that of the unsuppemented basal medium. Tests for 
neuraminidase, using the method for differential inactivation of 
mucinase devised by Burnet (1949), indicate that it is produced 
only in low concentration (1:16) in the amino acid medium, 
whereas titers in BHI broth were 1:512*+. This evidence for par- 


tial selectivity for mucinase production is expected to simplify 
procedures for its purification. 





Howard and Lankford 
Summary 


It has been established that high titer mucinase can be pro- 
duced by Vibrio cholerae in an aerated, fluid chemically-defined 
medium. However, the requirements for mucinase synthesis are 
more complex than those for growth. Although a sucrose-am- 
monium-mineral salts medium supports good growth of V. 
cholerae, little or no mucinase is produced unless this medium is 
supplemented with casein hydrolysate or with certain amino 
acids, particularly the aromatic amino acids. 
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A NOTE ON THE SUBPIAL CYTOPLASM OF THE 
CENTRAL NERVOUS SYSTEM: 
AN ELECTRON MICROSCOPE STUDY* 


Hvar-San Lin.* DonaLtp DUNCAN, AND ROBERT S. ALEXANDER” 


Introduction 


Published observations (4,8) on the astrocytic cytoplasm im- 
mediately adjacent to the pia depict this zone as an almost elec- 
tron transparent region containing a few mitochondria and vir- 
tually nothing else. Such an appearance is commonly referred 
to as “watery” cytoplasm. If the subpial cytoplasm is indeed 
“watery.” the external limiting glia membrane is surprisingly 
different from the impression of rather solid and rigid end feet 
conveyed by the silver impregnation methods used in light 
microscopy. While numerous observations in this laboratory are 
in agreement with the “watery” concept. others are not. In fact, 
the occurrence of densely packed to scattered glial filaments in 
the subpial zone is so frequent in our material that it seemed 
desirable to record the essential points of our observations. 


Materials and Methods 


The illustrations included in this report were made from a small block of 
tissue obtained from a 270 gram male white rat during the course of a study 
of the subcommissural organ of this animal. Subsequent study of blocks of the 
cortex and the hypothalamus obtained from 10 additional rats showed essen- 
tially the same features: namely, astrocytic cytoplasm containing an abun- 
dance of glial filaments in the immediate subpial position. 

Material was fixed in Dalton’s (2) mixture followed by 10% formalin or 
Palade’s (7) verona] acetate buffered 1% osmic acid with sucrose added as 
recommended by Caulfield (1). After 30-60 minutes in the fixative, the blocks 
were rinsed in distilled water and dehydrated with ethyl alcohol in 10% 
increments to absolute. Changes to a higher concentration of alcohol were 
made every 15 minutes. From absolute alcohol, the tissue was transferred to 
a mixture of methacrylate (25% methy! in 75% n-butyl) for removal of the 
alcohol and subsequent embedding and hardening. Sections were cut with 


* Supported in part by U.S.P.H.S, Grant B-690(C5). Paper accepted for 
publication August 12. 1960. 
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glass knives in a Porter-Blum microtome. After collection on copper grids 
without a supporting film, the sections were lightly coated with carbon prior 
to study and photography in an RCA EMU-3C electron microscope. 


Observations 


As shown in Fig. 1, the cytoplasm of glia cells immediately ad- 
jacent to the external surface of the cell may contain an abun- 
dance of closely packed filaments. Although the pia has fallen 
away from external surface of the brain in the material from 
which the figure was obtained, there is no suggestion of a so- 
called watery expansion of the glia cytoplasm in the subpial loca- 
tion. While the appearance illustrated by Fig. 1 is far from typi- 
cal, patches of cytoplasm containing glial filaments in the same 
concentration at the external surface have been found in all the 
material studied. 

Fig. 2 illustrates the more common appearance of the subpial 
zone; namely, a complex of interlocking processes containing a 
relatively clear cytoplasm. However, most of these processes con- 
tain glial filaments. In some they are abundant, although less 
closely packed than in areas exemplified by Fig. 1; in others, 
filaments are evident but scattered; and in still others. none can 
be identified with certainty. 


Discussion 


While the watery expansion may be characteristic of subpial 
glial cytoplasm when fixed in buffered osmic acid and viewed in 
the electron microscope, this study shows that it is not invariable. 
The fact that neither Farquhar and Hartmann (4) nor Schultz. 
Maynard and Pease (8) saw glial filaments in astrocytic cyto- 
plasm more deeply placed within the brain suggests that their 
fixation was imperfect. Luse (5,6) and later Gray (3) as well as 
others have demonstrated fine filaments in fibrous astrocytes in 
an unequivocal fashion. Consequently, failure to see them in any 
preparation is strongly suggestive of an inadequacy of the meth- 
ods employed. With this in mind, it is considered quite possible 
that further work will establish the presence of a network of fila- 
ments in all of the glial cytoplasm making contact with the pia. 
On the other hand, the “watery” process may stand as a true pic- 
ture of the living condition but certainly not as an exclusive one. 
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Summary 


An electron microscope study of the subpial cytoplasm of the 
central nervous system of the rat reveals numerous processes 
containing an abundance of glial filaments. The finding demon- 
strates that the subpial zone is not exclusively a rim of very 
clear “watery” cytoplasm as illustrated in previous studies of 
this zone. 
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PLATE 1 


Both figures illustrate the surface of the brain of a rat dorsal to the posterior 
commissure, Identifying letters are the same in both figures: (BM) basement 
membrane, (GF) glial filaments, (M) mitochondria, (MF) myelinated fiber 
of posterior commissure, (N) nucleus of subglial astrocyte, (PM) plasma 
membranes. 


Fic. 1. This figure shows a long narrow process of fibril packed glial cyto- 
plasm forming the surface of the central nervous system. In this and the other 
figure the pia is not seen because of detachment during preparation of the 
material. X 14,000. 

Fic. 2. Processes of subglial astrocytes displaying the clear cytoplasm seen 
in most preparations of brain surface. Most of these contain various amounts 
of filamentous material indicated by arrows. X 14,000. 








INSECTS AND OTHER ARTHROPODS OF MEDICAL 
IMPORTANCE IN TEXAS* 


Don W. Micks? 


Knowledge concerning arthropods as direct agents of human 
disease has lagged very much behind and has been largely 
eclipsed by their role as vectors of various pathogenic agents. 
This has been due in part to the overwhelming incidence in vari- 
ous parts of the world, of such devastating vector-borne diseases 
as malaria. thus focusing major attention on vector control and 
eradication programs. Textbooks of medical entomology and re- 
lated subjects have likewise given inadequate and superficial at- 
tention to the problem of venomous arthropods. To some ex- 
tent. this has been due to the delay in the application of the more 
modern analytic methods to the study of venoms. Only in com- 
paratively recent years did the interest in this field become suf- 
ficiently international in scope to pave the way for the First 
International Conference on Venoms which met in Berkeley. 
California. in December of 1954. More often than not, the lack of 
good liaison between the medical entomologist and the practicing 
physician has retarded progress towards a better understanding 
of the relative importance of arthropod envenomizations in 
human disease. 

Parrish (1959) reported recently that during the five-year 
period, 1950-1954. there were 215 deaths in the United States 
caused by the bites and stings of venomous animals and insects. 
an average of 43 deaths per year. By far the highest mortality 
(16.7% of the total for all the states) occurred in Texas where 
there were 36 deaths during this period. It is the purpose of the 
present study to elucidate the medical importance of certain 
insects and related arthropods in Texas. 

* Laboratory of Medical Entomology. The University of Texas Medical 
Branch, Galveston, Texas. Paper accepted for publication August 10, 1960. 

» The author wishes to express his appreciation to Daniel L. Creson and 
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Method 


A questionnaire requesting information concerning the number of indi- 
viduals requiring medical attention due to the stings or bites of arthropods, 
during the period 1955-1959, was sent to one thousand physicians throughout 
the state. Specific details requested of each case included the name of the 
arthropod involved, the site of the sting or bite, the age and sex of the patient, 
the nature of the reaction, the treatment administered and the outcome. Of 
the approximately 20 per cent reply received, 124 questicnnaires contained 
information suitable for inclusion in this report. In a number of instances, 
more details were obtained by correspondence with various practitioners. 
Information based upon recollection rather than actual case histories was 
excluded. 


Results 


During the five year period covered by this report 124 Texas 
physicians practicing in 57 counties throughout the state (Fig. 
1) reported a total of 1,905 patients who were treated for the 
effects of stings or bites of various insects, spiders, scorpions, 
centipedes and mites. Those case reports with sufficient docu- 


TEXAS 
SCALE OF MILES 
@ 40 860 120 160 200 
a a | 





Fis. 1. Distribution of counties from which the information contained in 
this report was obtained. 
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mentation are considered in the succeeding sections according to 
the classification of the offending arthropod. 

Wasps. From the standpoint of morbidity and mortality both, 
it appears from the data available that envenomization due to 
wasp sting constitutes the most important medical problem in 
Texas as far as the direct effects of insects upon human health 
are concerned. All stings except four which were attributed to a 
red wasp and one to a black wasp. were due to the yellow jacket 
(Polistes sp.). During the period covered, 80 physicians prac- 
ticing in 50 different communities, reported a total of 290 cases of 
wasp sting which required treatment. Local reactions only were 
seen in 165 of these whereas 125. or 43% exhibited a generalized 
response, of which the frequency of symptoms is shown in Table 
1. Aside from those cases (27) which were reported as having a 
systemic reaction to wasp venom and concerning which no fur- 
ther details were supplied, anaphylaxis and urticaria were most 
frequently seen. One 37-year-old male patient who received 
multiple stings exhibited fulminant thrombocytopenic purpura. 
The platelet count was still reduced four months after the stings 
despite treatment. 

The incidence of wasp sting showed little fluctuation during 
the first fifty years of life. Thereafter, a fairly sharp decline was 
noted with comparatively few cases after age 60. However, a to- 
tally different picture is seen as to the age frequency of an- 
aphylactic reactions since approximately 47% of these occurred 


TABLE 1 


Frequency of symptoms associated with wasp sting 











Severe Nausea Respiratory 
regional and/or Urticarial involve- Anaphy- 
Year edema Fever vomiting reaction ment laxis Coma Systemic 
1955 0 1 1 4 1 6 0 3 
1956 a 0 0 0 0 4 0 3 
1957 + 0 2 4 2 2 1 4+ 
1958 4 1 1 9 0 11 0 4 
1959 3 1 3 16 2 14 1 13 
Total 11 3 7 33 5 37 2 27 
Per cent of 
Total 8.8 2.4 5.6 26.4 4 29.6 1.6 21.5 
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in the 30-50 age group. Two-thirds (67%) of the patients were 
males. 

Thirty-seven of the severe systemic reactions to wasp sting 
were treated with a combination of epinephrine and steroids, oc- 
casionally supplemented by antihistamines or oxygen. Epine- 
phrine in combination with antihistamines was administered to 
23 patients and epinephrine alone in 8 cases. All patients referred 
toin Table 1 as suffering anaphylaxis were treated with one of 
these regimens. Steroids alone were given for generalized symp- 
toms in 30 cases and in several others were supplemented with 
antihistamines. Antihistamines alone were administered topi- 
cally, orally or intramuscularly to 36 patients. Localized reac- 
tions were frequently handled with a combination of antihista- 
mines and ice. Salts such as magnesium sulfate and calcium 
gluconate, were rarely used. 

Aside from the 290 cases of wasp sting reported, a total of 78 
patients underwent treatment aimed at desensitization to wasp 
venom. Although a few were given such injections because of 
extremely severe local edema, the majority had exhibited sys- 
temic reactions. An additional five patients carried a syringe and 
epinephrine with them at all times. 

Three fatalities due to the stings of wasps were reported. One 
death occurred in an individual who had been advised by his 
physician to undertake a desensitization program. The patient 
died several months later approximately ten minutes after being 
stung by a wasp. 

Honeybee. A total of 59 cases due to stings of the honeybee 
(Apis mellifica) were reported from 23 cities, all but two of these 
resulting from a single sting. Systemic involvement was noted in 
25 (42%) patients and was found almost exclusively in the 36- 
67 year age group. Stings occurred almost as often in females as 
males. Urticaria was the predominant symptom although gener- 
alized edema and anaphylaxis occurred in a number of patients. 
Anaphylatic reactions, which characterized the two cases of 
multiple bee sting, led to acute congestive failure in one instance. 
In the other patient, “‘approximately 20 stings caused shock, hy- 
potension, fainting and a rather severe systemic reaction.” 

The most frequently employed medication for bee sting was 
antihistamines which were used orally or intravenously in 15 
patients, and in combination with cryotherapy and epinephrine 
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in several other instances. Steroids alone were used in 10 patients 
and in combination with epinephrine and/or antihistamines in 
12 other cases. Anaphylactic reactions were generally treated 
with a combination of adrenalin and oxygen. Cryotherapy alone 
was occasionally used in strictly localized reactions. Very few 
patients were reported as undergoing desensitization treatments 
and no fatalities due to bee sting were reported. 

Ants. Twenty-five physicians in 21 communities treated a 
total of 75 cases of ant sting. Twenty-seven of these patients were 
stung by a large red ant, two by fire ants and the identity of the 
remainder is unknown. Of the 27 cases wherein the sex of the pa- 
tient was indicated, 23 were males and only 4 were females. 
There was no special grouping according to age, stings occurring 
in individuals between the ages of 2 years and 60 years. 

Twelve (16%) of the total number of cases were characterized 
by systemic responses to the sting. Anaphylactic shock was the 
most prominent feature in five of these patients and was accom- 
panied in three instances by asthmatic rales, edema of the face, 
lips and glottis. and a massive, generalized, urticarial reaction. 
Fainting and /or vomiting, abdominal cramping or urticaria were 
present in the remaining cases. Epinephrine was administered to 
three of the five patients in shock (supported by oxygen in one), 
the others receiving steroids. Antihistamines and/or steroids 
were given orally in the remaining cases except where the fire 
ant was concerned. The severe pain and local infection produced 
by the latter species was treated in one instance by antihista- 
mines only and in the other by antibiotics locally. From the lim- 
ited information available, it appears that the anaphylactic reac- 
tions followed stings by certain small species of ants, whereas 
generalized urticaria was the principal systemic response to red 
ant sting. 

Caterpillars. Caterpillar stings were reported in 54 patients 
residing in 16 cities, all located in the eastern section of the state. 
Forty-three. or approximately 80% of these were stated to be 
due to the puss caterpillar Megalopyge opercularis (S. & A.). 
commonly called “asp” or “tree asp.’ No specific identification 
was available for the remainder. The majority of the stings (47) 
were characterized by severe local pain and ensuing dermatitis. 
The remainder of the patients suffered anaphylaxis, fainting. 
generalized urticaria or nausea and vomiting. Lymphadenitis 
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was present in approximately 50% of the cases. The patients 
were approximately equally divided according to sex and age 
group. 

Those cases exhibiting local reactions only were treated with 
ice packs and sedation (19), antihistamines alone (21) or to- 
gether with an analgesic in several cases. Epinephrine and cryo- 
therapy were used in three of the patients with shock reactions 
and calcium gluconate was used either in combination with i.v. 
codeine and/or steroids or with narcotics in the others. 

Other Insects and Mites. Seven patients were treated for bites 
due to the kissing bug (7riatoma spp.) during the period covered 
by this survey. Five of these suffered severe systemic reactions. 
Anaphylactic shock occurred in two patients and one had fever 
and hemolytic symptoms. Two cases exhibited a more localized 
response characterized by a slough and lymphadenitis. These 
were treated with antibiotics. Epinephrine was used in those 
with shock reactions and four persons were started on desensi- 
tization injections. The only species identified was 7. sanguisuga 
which bit one patient. 

Mosquito bites caused severe local reactions characterized by 
edema. vesiculation, and urticaria in several patients, all of 
whom were infants or very young children. Wheals resulting 
from the bites ranged in size from 5 mm. to approximately 70 
mm. These were generally treated with antihistamines, and anti- 
biotics were utilized for secondary infection. One child under- 
went desensitization to mosquito bites because of marked local 
reactions. 

Several patients required medical attention due to bites of 
the chigger, Eutrombicula alfreddugesi (Oudemans). The prin- 
cipal symptoms were intense itching, localized erythema and 
ecchymoses. Kwell lotion was the principal medication used. 

Centipede. Eight cases of centipede bite were reported by five 
physicians. Two of the patients experienced severe systemic re 
actions. the details of which are not available, The remainder 
had severe local pain and swelling. These were treated with cryo 
therapy and antihistamines or antibiotics where indicated, Intra 
venous steroids and/or calcium gluconate were administered for 
the systemic disturbances. 

Scorpion. Medical attention was required by 27 individuals re 
siding in 15 communities, who were bitten by scorpions, Sixteen 
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of 22 patients in which the age was given were males. Approxi- 
mately half of these were 10 years and below and the other half 
thirty and above. Fourteen (approximately 50%) exhibited lo- 
calized ractions, usually consisting of severe pain. edema, and 
occasionally paralysis of an extremity. The majority of these 
were given antihistamines and/or cryotherapy or analgesics. 
Epinephrine and/or steroids were administered to individuals 
suffering anaphylactic responses. Intravenous calcium gluconate 
was given to one patient. Another had pulmonary involvement 
and another complained of dizziness and numb lips. One patient 
was being desensitized to scorpion venom. A single fatality fol- 
lowing anaphylactic shock due to scorpion sting was reported. 

Unknown Arthropods. Unknown or unidentified arthropods 
accounted for stings or bites of 14 individuals. Eight of the pa- 
tients suffered local reactions, usually with pain and swelling. 
The remainder presented a picture of anaphylaxis. Three of 
these were in a single family, each experiencing sudden severe 
shock. Locally there were wheals and angioneurotic edema. 
These and the other patients with systemic reactions responded 
favorably to a combination of epinephrine, antihistamines 
and steroids. Two individuals had a generalized urticaria in 
addition. Local reactions were treated with antihistamines or 
cryotherapy. 

Black Widow Spider. Thirty-five cases due to the bite of the 
black widow spider (Latrodectus mactans) were reported by 
physicians in 24 communities. Over three-fourths (78%) of the 
bites occurred in males although there was no particular rela- 
tionship to age. The usual systemic reactions were noted in all 
except three patients, one of whom complained of local pain 
only and another experiencing a mild generalized pain. The 
other had a local reaction with a slough. The outstanding symp- 
tom in the remaining 31 patients was severe abdominal cramps. 
Nausea and vomiting were frequent, whereas localized edema 
and dyspnea were only occasionally noted. A number of the bites 
occurred on the penis and scrotum. 

Fourteen patients were treated with calcium gluconate (i.v.) 
alone and most of the remainder were treated with a combination 


of calcium gluconate (i.v.) and steroids or sedatives. One patient 
was mistakenly diagnosed as having heat cramps for 5 days be- 
fore recalling that a spider had bitten him. Another was treated 
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for enteritis until the physician, a female, learned from the wife 
of the patient that he had been bitten on the scrotum. This pa- 
tient required calcium gluconate (i.v.) and antivenin on two 
consecutive days. Antivenin was administered in two other cases 
only. One of these received it within approximately 15 minutes 
after a bite on the foot. The effects of the venom were success- 
fully aborted, however the patient suffered a severe serum reac- 
tion, the previously administered serum sensitivity test proving 
to be a delayed positive. A single fatality occurred in an 81-year- 
old male who was treated with steroids and demerol following a 
bite on the penis. 

Brown Spider. Seventeen of the patients included in this survey 
each sought medical attention following the bite of a brown 
spider, species unknown, but presumed to belong to the genus 
Loxosceles. The bite occurred on one of the extremities in practi- 
cally all cases and was followed by moderate to intense pain. 
With few exceptions a large area of erythema formed with in- 
duration in the center. On about the third or fourth day in most 
instances, the central area, measuring 1.5 cm on the average, be- 
came necrotic and sloughed, leaving an ulcer. At least three 
weeks were required for healing to take place. It was the general 
experience of the attending physicians that these lesions were re- 
fractory to antibiotics and various other agents used. Aside from 
general malaise, chills and fever in six of these patients, symp- 
toms were largely localized. 

Three additional individuals were bitten by an unknown in- 
sect with symptoms like those described above including a ne- 
crotic lesion. Two others who saw a brown spider bite them ex- 
hibited a wheal only and the lesion disappeared in two days. 


Discussion 


There is no doubt that members of the Hymenoptera (wasps. 
bees and ants) constitute a much greater medical problem in 
Texas than all other arthropods combined. This is in accord with 
the finding that 86 (40% ) of the 215 deaths due to venomous ani- 
mals and insects in the United States during 1950-1954 were 
caused by the Hymenoptera (Parrish, 1959). Whereas the bees 
were the most dangerous insects on a country-wide basis, the 
yellow jacket wasp is the most deadly in Texas. This insect was 
responsible for three of the five deaths reported in the present 
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study. Even more striking from the point of view of fatalities are 
the records of the Texas State Department of Health for the 
period covered by this study (1955-1959) which show that of the 
32 deaths due to bites and stings of venomous animals and in- 
sects, 21 or 66% were due to Hymenoptera. Only six deaths dur- 
ing this five-year period were caused by animals other than 
arthropods. 

The high incidence of allergic reactions to the stings of wasps 
and related forms emphasizes the potential danger of their ven- 
oms. Contrary to the statements which may be found in certain 
textbooks, the nature and action of hymenopterous venoms can 
no longer be explained by such erroneous oversimplifications as 
“formic acid.” Recent electrophoretic and chromatographic stud- 
ies have shown that these venoms are complex and contain differ- 
ent compounds with high biological activity. Among these are 
histamine. 5-hydroxytryptamine, acetylcholine, protein-like sub- 
stances with specific non-enzymatic pharmacologic action and 
enzymes which in bee venoms at least, include phospholipase A 
and hyaluronidase (Neumann and Habermann, 1954). 

There is ample evidence that the antigenic constituent of 
venom is present throughout the insect’s body, independent of 
the venom. but that the venom contains a small amount of this 
antigen (Mueller, 1959). Gel diffusion studies conducted by Fou- 
bert and Stier (1958) indicate that yellow jacket, yellow hornet, 
black hornet. wasp and honeybee contain common antigens. In 
addition, each insect contains several antigens specific for the 
individual genus. Experiences with a large series of patients have 
likewise led Mueller (1959) to the belief that species, genus and 
order-specific sensitivity or multiple species-specific sensitivities 
exist and that there is no reliable way of determining the exact 
situation in a given patient. For this reason, he recommends the 
use of a polyvalent extract for the treatment of all cases. The 
large number of patients in the present study requiring desensiti- 
zation to yellow jacket venom is compatible with animal studies 
which have shown that yellow jacket antigen is the most potent 
sensitizer of al] those studied (Foubert and Stier, 1959). 

It is noteworthy that the Committee on Allergy of the Acad- 
emy of Pediatrics has recently published a statement to the 
effect that allergic reactions to insect stings probably occur more 
frequently than is supposed, and that occasionally, such a reac- 
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tion may account for some of the unexplained deaths during the 
summer months which are usually attributed to cardiac failure 
or heat prostration, (Mueller, 1960). The Committee recom- 
mends that acute sting reactions should be treated with liberal 
doses of epinephrine. Steroids given by any route act too slowly 
to be of value in the immediate anaphylactic reaction. Patients 
with generalized reactions to stings should be advised to have de- 
sensitization treatment with a mixed bee and wasp extract. Such 
individuals should carry sublingual tablets of isoproterenol hy- 
drochloride until a subsequent sting without a reaction has dem- 
onstrated they no longer need such protection. 

Unlike the other members of the Hymenoptera, the sting of 
the fire ant (Solenopsis saevissima var. richteri ) causes the devel- 
opment of an umbilicated pustule (2-3 mm.) surrounded by a 
red halo or an edematous painful area. The venom of this ant 
does not resemble that of any sting’ng insect previously studied. 
It is water-insoluble and nonproteolytic (Blum et al, 1958). An- 
aphylactoid-type reactions to the venom have occurred and have 
been controlled by epinephrine and antihistamines (Favorite, 
1958). With the continuous westward extension of the range of 
the fire ant in Texas, it can be anticipated that this species will 
become a much greater medical problem. 

The fact that all instances of caterpillar sting were reported in 
patients residing in the eastern half of Texas may be simply 
an indication of the distribution of the species involved. The 
symptoms characterizing the sting of the puss caterpillar. 
Megalopyge opercularis, are in accord with those previously re- 
ported in 18 cases (Micks, 1952), including the occurrence of 
anaphylactic shock in some individuals. The failure of any of the 
above 18 patients to respond to antihistamines coupled with a 
similar observation by Randel (1954) in a series of individuals 
stung by Megalopyge lanata suggests that histamine may not be 
a constituent of the venom of this genus of caterpillar. Such in- 
formation will necessarily await fractionation studies. 

Following a recent report of the occurrence of necrotic arach- 
nidism in Missouri which was associated with the bite of a brown 
spider presumed to be Lorosceles reclusus (Atkins et al, 1958), 


it was of special interest to ascertain whether a similar syndrome 
had been observed in Texas. Although in all cases reported in the 
present study the patient failed to capture the spider involved, it 
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was invariably described as a brown spider. The nature of the 
localized reactions and lesions were for all practical purposes 
identical and were probably due to the bite of some species of 
Loxosceles. The statement made by Texas physicians (Ressmann 
et al, 1954) that the only spider of medical importance is the 
black widow spider suggests that necrotic arachnidism has gone 
largely unobserved or unrecognized in this state. This problem 
will be considered in detail in a separate publication. 

Considering the comparatively large number of cases of ar- 
thropod envenomization seen by 124 physicians, which comprise 
only 1.5% of those practicing in Texas, it would appear obvious 
that this is a greater medical problem than previously realized. 
It is hoped that additional information from many other prac- 
titioners will be forthcoming and that we may thereby be in a 
better position to assess the relative medical importance of stings 
and bites by venomous arthropods and their most effective man- 


agement. 


Summary 


On the basis of a questionnaire sent to physicians practicing 
throughout the state of Texas, it was determined that 124 prac- 
titioners treated a total of 1.905 cases of envenomization due to 
the stings and bites of insects and other arthropods during the 
period 1955-1959. 

Wasp sting posed the most important medical problem in the 
state, both from the point of view of the incidence of generalized 
reactions and deaths. Other insects of medical importance in- 
cluded the honeybee, ants, caterpillars, kissing bugs and mos- 
quitoes. Local and generalized reactions to the bites of centipedes, 
scorpions. the black widow spider, the brown spider and chiggers 
likewise required treatment. Brown spider bite or necrotic arach- 
nidism appears to be a largely unrecognized but emerging syn- 
drome in Texas. 
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PURIFICATION OF A MATERIAL FROM EGG YOLK 
DIALYSATE THAT STIMULATES 
MYCOBACTERIAL GROWTH® 


James O. NorMAN AND RoBErtT P, WILLIAMS 


Since the report of Dorset in 1902 it has been known that 
enhanced growth of tubercle bacilli could be obtained by incor- 
porating hens’ eggs in the medium. Corper and Cohn (1933) 
found that egg yolk alone supported better growth than the 
whole egg. Numerous investigators have devised egg-containing 
media for the cultivation of Mycobacterium tuberculosis, and 
other workers have attempted to extract an active principle from 
egg yolk which would stimulate the growth of the organism. The 
material has been elusive, and no precise identification of a 
growth-promoting substance has been reported. 

We have found (Norman and Williams, 1960a) that dialysis 
of egg yolk against distilled water yielded a dialysate that demon- 
strated growth-promoting activity for Mycobacterium tubercu- 
losis. The active material has now been considerably purified. 
and although identification is not complete, certain properties of 
the purified material can be employed to speculate as to its 
nature. The present communication reports the isolation, partial 
purification, and activity of the material extracted from egg yolk. 


Materials and Methods 


The strains of mycobacteria employed were M. tuberculosis H37Ra, H37Rv, 
and an atypical. nonphotochromogenic mycobacterium labeled Strain III. The 
latter organism was isolated from a human case of pulmonary disease, and 
has the characteristics of the scotochromogenic variety of mycobacteria as 
described by Runyon (1959). Strain III has been used as the routine assay 
organism in, the investigations. Growth of the organism in egg yolk dialysate 
materials is similar to the response of M. tuberculosis. 

Inocula were harvested from cultures growing on Léwenstein-Jensen egg 
medium (BBL). These cultures were grown at 37° C. in screw-capped tubes 
for 5 to 7 weeks. Harvested cells were treated in a tissue homogenizer for a 

4From the Department of Microbiology, Baylor University College of 
Medicine, Houston, Texas. This investigation was suported by research grant 
E-2365 from the National Institutes of Health, U.S. Public Health Service. 
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few minutes to break up clumps, and then washed twice in the medium of 
Proskauer and Beck (1894). The cells were diluted in the same medium so 
that the suspensions permitted only 90 per cent light transmission when 
measured in a Coleman Junior spectrophotometer at 660 mu. The inoculum 
for assay of growth materials consisted of 0.2 ml. of this suspension which 
corresponded to 40 to 50 viable units of M. tuberculosis H37Ra or H37Rv. 
and 400 to 500 viable units of Strain III when the organisms were cultured 
on Léwenstein-Jensen egg medium. 

The basic medium for assay was the liquid minimal medium of Proskauer 
and Beck (1894). In addition to mineral salts this medium contains asparagine 
as a nitrogen source and glycerol as a carbon source. Aliquots of egg yolk 
dialysate material were added to 10 ml. of the medium contained in screw- 
capped test tubes. Cultures were incubated at 37° C. Growth of assay cultures 
was determined by measuring the optical density in a Coleman Junior spectro- 
photometer at 660 mu. Before measuring turbidity the cultures were thorough- 
ly dispersed by mechanical agitation. Plate counts carried out on the sus- 
pensions established that an increase in turbidity represented an increase in 
viable cell units. 

Egg yolk dialysate was prepared from chicken eggs by the method pre- 
viously described (Norman and Williams, 1960a). Following dialysis for one 
week at 37°C., the dialysate was assayed for growth-promoting activity 
(Norman and Williams, 1960a). Several active preparations were combined, 
concentrated in vacuo, then treated by continuous ethy] ether extraction until 
no ether soluble material remained in the residue. The ether extract was 
concentrated and assayed for activity. A portion of the extract was treated 
with activated charcoal (Darco G-60, Atlas Powder Co.), and another portion 
was examined by paper chromatography. 

The procedures employed for developing and identifying the paper chroma 
tograms were those of Lea et al. (1955). Strips of Whatman No. 1 paper were 
treated with a solution of silicic acid in KOH. Aliquots of the ether extract 
were applied to the dried paper, and chromatographed in solvents composed 
of isooctane and ethyl ether (95:5), m-propanol and water (80:20), or meth- 
anol and chloroform (20:80). Following chromatography the paper strips 
were tested for activity by the bioautographic technique. Dried strips of paper 
were placed on the surface of Proskauer and Beck medium containing 2 per 
cent agar which had been heavily seeded with a suspension of Strain III, The 
bioautographic cultures were incubated at 37° C. and examined periodically 
for evidence of growth. Areas of replicate chromatograms corresponding to 
places demonstrating growth activity on the bioautographs were eluted from 
the paper with ethyl ether and assayed by the turbidimetric procedure. 
Figure 1 presents a flow sheet diagram of the procedures employed to extract 
and fractionate the egg yolk dialysate. 

The specific activity of various fractions was determined by drying aliquots 
of the materials to constant weight at 60° C. The constant weight of material 
employed for assay then was divided into the optical density, after 192 hrs. of 
incubation, of the corresponding assay culture. The resulting figure multiplied 
by 1,000 was designated as the specific activity. 
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Fic. 1. Schema for extraction and fractionation of egg yolk dialysate. 


Results 


Continuous extraction by ethyl ether of the crude egg yolk 
dialysate yielded a yellowish colored extract which was active in 
stimulating the growth of mycobacteria. The residue retained 
little activity. However, the ether soluble fraction still contained 
many substances, and further experiments were carried out to 
purify the material stimulating mycobacterial growth. 

The yellow color of the ether fraction could be removed by 
filtration through activated charcoal. The filtrate was colorless 
and still retained growth stimulatory activity. Assay of the char- 
coal residue, however, demonstrated that considerable activity 
still remained on the charcoal. All attempts to elute the active 
material failed. 

Since charcoal filtration resulted in a marked loss of active 
material, we discarded the procedure as a method for purifica- 
tion. Chromatography on paper treated with silicic acid provided 
a method whereby the ether extract could be separated into 
several fractions. Employing the chloroform-methanol solvent 
four fractions could be separated from the extract. These frac- 
tions were identified as neutral fats, two fractions composed of 
phosphate-containing compounds, and a fraction containing fatty 
acids with one to nine carbon atoms. None of these fractions 
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stimulated the growth of the assay organism, Strain III. Several 
fractions could be separated by both the isooctane-ethy] ether and 
the n-propanol-water solvents. Assay of the chromatograms by 
the bioautographic method demonstrated that one fraction from 
each of these solvents showed activity. The active material has 
an R; value of about 0.60. The other fractions were inactive. 
Figure 2 is a diagram showing the distribution of the fractions 
and activity on the chromatograms. As mentioned below the 
active fractions from the two chromatograms appear to be identi- 
cal. 

Comparison between the activity of the crude dialysate, and 
the materials separated by extraction, filtration, or chromatog- 
raphy is shown in table 1. Assays were carried out employing 
the scotochromagenic mycobacterium, Strain III. The crude 
dialysate had low activity. Ether extraction increased the activity 
sixty-five times, and although charcoal filtration removed the 
color from the extract, the simultaneous loss of active material 
resulted in a filtrate with slightly less activity than the extract. 
Additional purification was achieved by paper chromatographic 
separation. The latter procedure yielded a fraction about four 
times more active than the ether extract, and two hundred and 
forty times more active than the crude dialysate. 

In addition to assaying the activity of material with Strain 
III, the growth stimulatory effect of the chromatographic fraction 
was also determined employing M. tuberculosis H37Ra and 
H37Rv. The growth response of these organisms to the fraction 
is shown in figure 3. The curves are similar to those presented 
by Norman and Williams (1960a) for growth of M. tuberculosis 


TABLe 1 


Comparative growth promoting activity of egg yolk dialysate fractions 














Optical density Weight Specific 
Fraction at 192 hrs in mg.* activity” 
Crude dialysate 0.158 368.0 0.43 
Ethyl ether extract 0.168 6.0 28.00 
Charcoal filtrate 0.022 1.0 22.00 
Chromatographic fraction 0.062 0.6 103.33 
Assays carried out on scotochromogenic mycobacterium, Strain III 
® Weight in mg. of amount of fraction employed in assay. 


> Specific activity equals optical density divided by weight of fraction multiplied by 1,000 
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in crude dialysate. These results indicate that the purified ma- 
terial obtained by paper chromatography still shows the same 
growth-promoting activity of the crude dialysate. 

Attempts have been carried out to characterize the active 
chromatographic fraction. The active spots have identical prop- 
erties whether obtained from papers developed in either the iso- 
octane-ethyl ether. or n-propanol-water solvents. When the 
papers are examined in visible light the material appears yel- 
lowish; under ultraviolet light it has a light blue fluorescence. 
The material is soluble in such fat solvents as absolute ethanol. 
acetone. chloroform, ethyl ether, and isooctane, but is insoluble 
in water. When eluted from the paper with ethyl ether the solu- 
tion has a yellowish, oily appearance. Chemical examination 
failed to detect any Kjelkah] nitrogen. phosphate groups. or carbo- 
hydrate material. Examination of the material in the spec- 
trophotometer revealed a single peak at 279 mp. 

Because of the similarity in properties between the purified 
active material and the biologically active quinone or coenzyme 
Q compounds (Green and Lester, 1959). we examined coenzyme 
Q,,, (supplied through the generosity of Dr. Karl Folkers of 
Merck. Sharp and Dohme Research Laboratories) under the 
same paper chromatographic conditions as described above. In 
addition, we also examined vitamin K,, a naphthoquinone com- 
pound. Woolley and McCarter (1940) have reported that vita- 
min K compounds will stimulate the growth of certain myco- 
bacteria. In the two solvents used coenzyme Q,, had the same R, 
value of 0.60 as the active material from egg yolk dialysate, and 
appeared yellow in visible light. Under ultraviolet light coen- 
zyme Q),,, did not fluoresce, but was pale brown in color. Vitamin 
K, also had an R, value identical to the egg yolk fraction, and the 
fluorescence in ultraviolet light of the two substances was simi- 
lar. In addition the spectra of the compounds were similar. These 
facts suggest that the unknown egg yolk material might be simi- 
lar to coenzyme Q,, or vitamin K,. Unfortunately, neither of 





Fic. 2. Diagrams of the paper chromatograms and bioautograms prepared 
from the ethy] ether extract. A is a chromatogram run in n-propanol: water 
80:20): B. im isooctane:ethy! ether (95:5). O is the origin; f, the solvent 
front. Spot a is phospholipid; b, ethanolamine; c, fatty acids; d, unknown; 
and e, the active fraction. The spots showing activity on the bioautograph are 
crosshatched 
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Fic. 3. Growth response of M. tuberculosis H37Ra and H37Rv to the active 


fraction eluted from the chromatograms illustrated in Fig. 2. —@— repre- 
sents H37Ra; — O —. H37Rv; —x—. controi. 


these compounds will stimulate the growth of M. tuberculosis 
H37Ra or H37Rv (Norman and Williams, 1960b). 


Discussion 


Boissevain and Schultz (1938) extracted a phospholipid ma- 
terial from egg yolk which stimulated the growth of tubercle 
bacilli. Cholesterol obtained from egg yolk also has been demon- 
strated to stimulate the growth of certain mycobacteria (Hirsch, 
1954). The latter investigator suggested that these substances did 
not actually stimulate growth, but probably exerted their bene- 
ficial effects by protecting the organisms from toxic materials 
present in the medium, particularly fatty acids. Figure 2 demon- 
strates that the material isolated in our experiments is not phos- 
pholipid, and that phospholipid material does not stimulate the 
growth of the assay organism. Previously (Norman and Wil- 
liams, 1960a) we have established that cholesterol did not stimu- 
late growth of M. tuberculosis H37Ra and H37Rv under the con- 


ditions of our assay. 
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Digestion of egg yolk with pancreatin yielded substances which 
could be separated into a heat labile fraction inhibiting the 
growth of tubercle bacilli, and a heat stable fraction which pro- 
moted growth (Nakagawa and Ishida, 1956). The latter fraction 
was assumed to contain phospholipids as well as several amino 
acids. Again the phospholipids apparently neutralized toxic ma- 
terials, while the amino acids served as nitrogen sources for the 
organisms. 

In 1957 Yamane reported the extraction of a crystalline. un- 
identified substance from egg yolk which stiumulated the growth 
of M. tuberculosis H37Rv. The substance was soluble in acetone, 
chloroform, ethyl ether and ethanol, but insoluble in water. 
Chemical tests indicated it was a fat like material, and not cho- 
lesterol. Although our attempts to repeat Yamane’s experiments 
have been unsuccessful, it is possible that the substance described 
by him is similar to the material isolated by us. 

The identity of the growth-stimulatory material is not yet 
known. The fact that it is some two hundred and forty times 
more active than the crude dialysate, and the material appears 
to travel as a single spot on paper chromatograms developed in 
different solvent systems suggests that the substance is relatively 
pure. Attempts at crystallization have been unsuccessful. Further 
identification must await the collection of larger quantities of the 
material. 

The similarity in certain properties between the active ma- 
terial and coenzyme Q,, and vitamin K, lead to the speculation 
that the substance obtained from egg yolk might be related to 
these compounds. Brodie and Ballantine (1960) have reported 
that vitamin K, or a closely related homologue is involved in 
oxidative phosphorylation by extracts of M. phlei, and Noll 
(1958) has crystallized a compound similar to vitamin K, from 
a strain of M. tuberculosis. Thus vitamin K compounds not only 
are present in mycobacteria, but also have been demonstrated 
to play an important physiological role in the metabolism of the 
organisms. 

Coenzyme Q compounds have not been isolated from mycobac 
teria, although they are present in other bacterial species (Lester 
and Crane, 1959). The absence of coenzyme Q from mycobac 
teria suggests that the organisms might require an exogenous 
supply of the compound for optimum growth. Whether the com 
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pound plays a role in mycobacterial metabolism is unknown, 
although Brodie and Ballantine (1960) found that coenzyme Q,, 
did not replace vitamin K, in their system. 

Both vitamin K and coenzyme Q compounds are involved in 
the oxidative metabolism of organisms, particularly in the func- 
tioning of electron transport particles and oxidative phosphoryla- 
tion (Green and Lester, 1959). Since M. tuberculosis and re- 
lated mycobacterial species are well known to be obligate aerobic 
organisms, it is reasonable to postulate that compounds involved 
in electron transport or oxidative metabolism might be required 
for their optimum growth. Indeed, we have demonstrated that 
coenzyme Q,, and vitamin K, will stimulate the growth of the 
scotochromogenic mycobacterium, Strain III (Norman and Wil- 
liams, 1960b). The fact that the same compounds did not stimu- 
late the growth of M. tuberculosis H37Ra and H37Rv is not sur- 
prising because it is well known that many varieties of vitamin 
K and coenzyme Q compounds exist which have different speci- 
ficities of activity, (Green and Lester, 1959). The stimulatory 
material obtained from eggs might be another form of these 
compounds that we have not tested, or it might be an as yet 
unreported form. Preliminary experiments employing the assay 
system for coenzyme Q compounds described by Hendlin and 
Cook (1960) have established that the chromatographically puri- 
fied fraction obtained from egg yolk does possess considerable 
coenzyme Q-like activity. The precise identification of the ma- 
terial must await additional experiments. We are working with 
the hypothesis that the substance is a biologically active quinone 
or naphthoquinone, perhaps related to the coenyzme Q or vita- 
min K compounds. 


Summary 


Egg yolk dialysate demonstrating growth stimulatory activity 
for mycobacteria has been fractionated by continuous ethyl ether 
extraction. charcoal filtration, and paper chromatography. A 
purified material obtained from the chromatograms was some 
two hundred and forty times more active than the crude dialy- 
sate. When incorporated into liquid medium, the material stimu- 
lated the growth of Mycobacterium tuberculosis H37Ra and 
H37Rv. The oily material was insoluble in water, but soluble in 
fat solvents. It appeared yellowish in visible light; showed light 
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blue fluorescence in ultraviolet light; and had a spectral peak at 
279 mp. Although the material has not been identified, its prop- 
erties are similar to those of coenzyme Q and vitamin K com- 
pounds. A hypothesis is presented that the stimulatory material 
from egg yolk might be related to coenzyme Q or vitamin K. 
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EFFECT OF NITROGEN MUSTARD UPON ANTIBIOTIC 
ACTIVITY OF PENICILLIN, ERYTHROMYCIN 
AND CHLORTETRACYCLINE* 


STEPHAN E. RirzMANN AND WILLIAM C. LEvIN 


Introduction 


At some time during the clinical course of most lymphopro- 
liferative and myeloproliferative disorders, there is increased 
susceptibility to infection (1.2,3.4,5) and antibiotics are com- 
monly administered. In most of these diseases alkylating agents 
are widely employed therapeutically. The possibility that certain 
alkylating agents may suppress the activity of some simultane- 
ously administered antibiotics was suggested by clinical observa- 
tions. Therefore. the effect of nitrogen mustard upon antibiotic 
activity of penicillin. erythromycin and chlortetracycline was 
studied under in vitro conditions. 


Materials and Methods 


The ~“Cylinder-Plate Method Using Sarcina Lutea as the Test Organism 
ATCC 9341)” served as assay method for activity of the three antibiotics (6). 
Nitrogen mustard was used in the form of Mustargen powder (R) (Merck 
Sharp & Dohme). Penicillin was obtained as “penicillin reference drug” 
Pfizer) containing 1650 units/mg. “Erythromycin reference drug” (Abbott 
contained 935 micrograms per mg. Chlortetracycline was used as “aureomy- 
cin reference drug” (Pfizer 
Before placing the antibiotic solution into the cups, 0.2 ml. of sterile 0.9 
chloride solution were added to 5.0 ml. of the standard solu 
erythromycin and chlortetracycline (control samples 
of 0.9 percent sodium chloride solution contain 
g 0.2 mg. of nitrogen mustard (HN,) were added to 5.0 ml of the penicillin. 
erythromycin and chlortetracycline solutions (test samples—penicillin-HN,, 
erythromycin HN. chlortetracycline-HN, ). The samples were then agitated 
The nitrogen mustard solution was prepared by adding 10.0 ml. of sterile 
9 per cent sodium chloride solution to one vial of Mustargen (R) (10.0 mg 
The solution was prepared. transferred into the antibiotic solution and shaken 


per emt sociusr 


tions of 


if 


within two minutes to prevent a major degree of hydrolysis of the HN,. Ten 


* Department of Medicine and Hematology Research Laboratory, Uni 
versity of Texas Medical Branch, Galveston, Texas. Aided by grants from the 
Yexas Medica) Research Foundation and American Cancer Society Grant 
JT -168. Paper accepted for publication August 28, 1960, 
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minutes after addition of HN, and sodium chloride solution, respectively, five 
drops of the various concentrations of antibiotic solutions were transferred by 
means of fresh Pasteur pipettes into the metal cups on the Petri dishes. These 
procedures were carried out at room temperature. 

Penicillin concentrations were 2.0, 1.5, 1.0, 0.5, 0.2 and 0.1 units/ml. Ery- 
thromycin was employed in concentrations of 0.8, 0.4, 0.2, 0.1, 0.06 and 0.04 
micrograms/ml. and chlortetracycline in concentrations of 10, 8, 6, 4, 2 and 
1 micrograms/1ml. Following 24 hour incubation of the Petri dishes at 37° C.. 
inhibition zones were read by means of a Fischer-Lilly Zone Reader. The 
thickness of one ring segment of the inhibition ring (between cup and line 
of incipient bacterial growth) was measured in millimeters as the inhibition 
zone in experiments with penicillin and chlortetracycline; diameter of the 
inhibition ring was expressed in millimeters as the inhibition zone in experi 
ments with erythromycin. 


Results 


The penicillin effect against the test organism is shown in 


Table 1 and Figure 1. 


1. Penicillin 

Addition of HN. resulted in considerable decrease of the in- 
hibition zones of penicillin, (Table 2, Figure 1) which is re- 
flected by a statistically significant difference between penicillin 


standard curve and penicillin HN, curve. 

Addition of HN, to erythromycin did not result in an appreci- 
able change of antibiotic activity of erythromycin (Tables 4 
and 5). 

Addition of HN, to chlortetracycline did not alter antibiotic 
activity of chlortetracycline (Tables 6 and 7). 


TABLE 1 


Penicillin standard curve 





Petri dish Units of penicillin/mil inhibition zones in nun 
no 2.0 1.5 10 0.5 0.2 


4.6 is 10.8 7.6 6.4 
11.4 4 10.4 8.3 45 
11.4 2 10.5 8.3 
10.9 7 10.5 8.2 
11.8 | 10.1 8.1 
Mean values 11.78 7 10.46 8.1 
*S.D. of mean + 1.07 5 0.64 0.29 





* Standard deviation 


Table 1. Inhibition zones of penicillin solutions of various concentrations in 
mm, with mean values and standard deviations of mean 
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Concentration of 


Penicillin (un. ‘ml. ) 


. Penicillin - Standard curve 


- Penicillin - HN, - curve 





Standard deviation 
(S. D.) of mean. 


Inhibition Zones in mm. 











T T t ! T T T T T T T T 
10 2.0 3.0 40 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 


Fic. 1. Inhibition zones of penicillin (1) and penicillin-nitrogen mustard 


2) solutions of various concentrations. 


TABLE 2 


Penicillin-HN, Curve 





Petri dish Units of penicillin/m|.—inhibition zones in mm. 
1.5 1.0 0.5 0.2 


no 2.0 





1 10.8 y: 8.0 4.6 2.6 
11.2 ) 7.1 4.9 0.0 
75 7.9 6.5 4.4 0.0 
8.4 7.6 6.8 4.5 4.8 
11.1 8.8 8.0 5.2 1.9 

Mean values 9.8 8.24 7.28 4.72 1.86 
*S.D. of mean + 1.55 0.71 0.7 0.33 2.0 





* Standard deviatior 
Table 2. Inhibition zones of penicillin solutions of various concentrations 
with nitrogen mustard added (0.04 mg./cup). Mean values and standard devi- 


ations at the bottom 
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TABLE 3 


p-values for penicillin standard curve and penicillin-HN, curve 





p-values Units of penicillin/ml. 
Significant Highly significant Significant Highly significant 


p <0.01 p <0.001 2.0 
0.1 





Table 3. Statistical evaluation of the antibiotic inhibition zones by penicillin 
and penicillin-nitrogen mustard solutions. 


2. Erythromycin 
TABLE 4 


Erythromycin standard curve 





Petri dish Conc. of erythromycin (4#g/ml)—inhibition zones in mm 
no. 0.8 0.4 0.2 0.1 0.06 0.04 


20.1 17.1 16.7 12.9 
18.8 15.4 13.0 10.6 
21.8 18.2 14.4 

21.5 17.8 14.9 10.6 
19.4 17.4 15.0 12.5 
20.7 18.6 15.2 11.0 
20.8 16.6 13.8 

Mean values 20.44 17.3 14.7 11.52 


1 
2 
3 
4 
5 
6 
7 





Table +. Erythromycin standard curve: Zone diameters in mm. 


TABLE 5 


Erythromycin-HN, curve 





Petri dish Conc. of erythromycin (ug/ml)—inhibition zones in mm 
no 0.8 0.4 0.2 0.1 0.06 0.04 


20.2 17.0 13.9 11.9 
18.6 16.2 13.2 10.2 
19.9 12.2 13.1 
20.2 17.3 13.9 11.2 
20.3 16.8 13.4 10.4 
6 22.8 18.2 13.3 10.2 
Mean values 20.3 16.28 13.47 10.78 





Table 5, Antibiotic activity of various erythromycin concentrations with 
nitrogen mustard added (0.04 mg./cup). Inhibition zones expressed in mm 
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3. Chlortetracycline 
TABLE 6 


Chlortetracycline standard curve 





Conc. of chlortetracycline (”#g/ml)—inhibition zones in mm. 
6.0 4.0 2.0 


6.9 +.8 4.6 4.0 
3.6 3.0 4.8 4.0 
5.7 5.2 4.7 45 
5.0 +.6 4.0 4.0 
5.9 4.6 4.0 3.6 
6 5 6.0 4.2 Wf 3.6 
Mean values 5.43 4.7 4.38 3.97 3.62 





Table 6. Chlortetracycline standard curve: Inhibition zones indicated in 
mm. 


TABLE 7 


Chlortetracycline-HN , curve 





onc. of chlortetracycline ‘ug/m])—inhibition zones in mm. 
8.0 6.0 4.0 2.0 


3.5 
3.7 
3.8 
3.6 
3.8 
: 4.0 
Mean values 2 5. : 3.73 3.75 


1 
2 
3 
4 
5 


=)) 





Table 7. Inhibition zones of chlortetracycline in varying concentrations 
treated with nitrogen mustard (0.04 mg./cup) expressed in mm. 


Discussion 


These data indicate that HN, decreases antibiotic activity of 
penicillin G in vitro, but does not alter that of erythromycin or 
chlortetracycline. The statistically significant differences be- 
tween penicillin- and penicillin HN. curves are found througk- 
out the ranges of penicillin concentrations tested (0.2 to 1.5 
units per ml.). In repeated experiments the data presented were 
reproduced 

The slopes and positions of the inhibition curves varied 
somewhat with all three antibiotic solutions in repeated tests. 
The reason for these minor variations of activity is probably 
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threefold: 1. natural variations; 2. freshly prepared antibiotic 
solutions showed smaller variations than antibiotic solutions kept 
at —20° C. for one or two weeks; 3. minor variations of time 
interval between preparation of the HN, solution and its transfer 
into the antibiotic within the two minute limit may have resulted 
in reduced activity upon penicillin. The rather steep slope of the 
HN, hydrolysis curve within four minutes following solution 
may account for the different degrees of activities of HN.. 

The addition of HN, to penicillin resulted in a reduction of 
antibiotic activity. The inhibitory effect of HN, varied im- 
mensely with penicillin concentrations. Surprisingly, no all-or- 
none effect of HN, upon penicillin was observed. Varying 
amounts of HN, from threefold to hundredfold the therapeutic 
amount of HN, (see below) did not result in a strictly dose- 
dependent alteration of penicillin activity. At present, this phe- 
nomenon cannot be explained, since the mode of action of HN, 
upon penicillin is not known. 

HN. may interfere with certain reactive groups in proteins 
and nucleic acids (11), including carboxyl groups, sulfhydryl, 
terminal alpha-amino groups, primary and secondary phosphoryl! 
groups, etc. It is conceivable that HN, may interfere with the 
carboxyl group of penicillin, a group present in neither erythro- 
mycin nor chlortetracycline. 

Relative concentrations of HN, employed were considerably 
higher than those given to patients. In each cup 0.04 mg. of HN, 
were delivered in 0.25 ml. of antibiotic solution. Assuming that 
HN, during its short life span of approximately four to five 
minutes is mainly distributed within the blood fluid, the 0.4 
mg./kg. used clinically would correspond approximately to an 
amount one-thirtieth of the quantity employed in vitro (75 kg. 
person—plasma volume approximately 3.3 percent of body 
weight). Concentration of HN, in the experiments presented 
was, therefore, approximately 13 times that of the plasma con 
centration to be expected following therapeutic administration 
of a dose of 0.4 mg./kg. body weight. 

Carallito has described the inactivating effect of cysteine and 
some cysteine-esters upon penicillin (7). The mode of action is 
unknown. Giesen and associates (8,9,10) have examined the in 
fluence of arsenic, bismuth (9), mercury, iodine (10) and BAI 
(8) upon activity of penicillin, All compounds tested produced 
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no decrease in activity of penicillin in vitro or in vivo. BAL itself 
showed some degree of antibacterial effect. 

In this study, HN, itself did not produce a significant degree 
of bacterial inhibition. This inertness may be explained by the 
fact that after ten minutes the antibiotic-HN, solution contains 
no active HN, because complete inactivation by hydrolysis has 
occurred, whereas diffusion into the agar requires a considerably 
longer period of time. 

Under clinical conditions, administration of HN, may result 
in some degree of inactivation of depot penicillin, however, ex- 
perimental evaluation has to establish the validity of this as- 
sumption. Furthermore, the effect of the “long acting” alkylat- 
ing agents, such as Leukeran (R), Myleran (R) and others upon 
penicillin or other antibiotics should be studied similarly and 
in vivo effects upon antibiotic activity require exploration. 


Summary 


1. Nitrogen mustard appears to inhibit the antibiotic action of 


penicillin G upon Sarcina lutea in vitro. 
2. Nitrogen mustard does not exert an inhibitory effect upon 


the antibiotic activity of erythromycin and chlortetracycline in 
vitro. 
3. Possible clinical implications are discussed. 
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LYSOGENIC CONVERSION OF STAPHYLOCOCCAL 
STRAINS OF TYPE 80/81 AND RELATED 
PHAGE TYPES 


EuceneE D. RosENBLUM AND J. L. W. JacKson*® 


The world-wide occurrence of staphylococcal strains of phage 
type 80/81 has been recorded in numerous papers. The associ- 
ated appearance of variants of this basic type, in particular 
strains with typing pattern 52/52A/80/81, has also been noted 
(4.7.9). In a hospital outbreak in Dallas caused originally by a 
type 80/81 strain of Staphylococcus we observed that isolates 
with typing pattern 52/52A/80/81 occurred with increasing fre- 
quency during the course of periodic screening of personnel for 
carriers of the epidemic strain. A study was initiated to deter- 
mine the lysogenic relationships of these related phage types for 
the purpose of better understanding the origin of these phage 
type variants. Shortly after a preliminary report of this study 
was presented (5) two independent papers appeared reporting 
essentially identical studies (1,8). Although most of our observa- 
tions confirm those of the above-mentioned authors, some of our 
data supplements and extends the conclusions of these investi- 
gators and are therefore presented in this report. 


Materials and Methods 


Bacteria. A total of 79 strains of type 80/81 and related patterns were 
studied. The majority were isolated from infections or asymptomatic carriers 
at Parkland Memoria] Hospital, Dallas. Other hospitals in Dallas and else- 
where supplied the remainder of the strains, with the exception of four propa 
gating strains of typing phages which were included because of their typing 
patterns. Six pairs of strains were generously supplied by Hurst (4); these 
were of special interest since each pair represented a nose and a throat culture 
from the same child and included a typical] strain and a strain with a variant 
pattern 
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Phage typing. Typing was performed by the methods of Blair and Carr 
(2). To conform with current practices the LH strains of typing phages 52, 
42B and 44A (3) were employed in determining typing patterns. The typing 
phages and their propagating strains were generously supplied by Drs. J. E. 
Blair and E. T. Bynoe. 

Lysogenic studies. All 80/81 and related strains were tested for lysogeny 
by a cross-spotting method previously described (6). In addition each strain 
was further tested for lysogeny on a series of 96 indicator strains representa- 
tive of the major lytic groups. The 80/81 strains and,related variants were 
also employed as indicators in testing a number of strains of unrelated phage 
patterns for production of temperate phage which might be useful in this 
study. 

Lysogenization was accomplished by plating sensitive strains with bacteria- 
free filtrates of temperate phage; surviving colonies were examined for ability 
to produce the input phage, for resistance to the phage, and for alterations 
in typing pattern. Usually 10 surviving colonies of each treatment were 
selected for these tests. 

Results 


The 80/81 strains and those with related patterns were ex- 
amined for lysogeny and for sensitivity to a series of selected 
temperate phages to be discussed below. Table 1 summarizes the 
results obtained with the 79 strains studied. Further classification 
could be made based on variations in sensitivity to the HJD 
strains of typing phages 52.42B and 44A (3) but is not included. 
The proportions are biased in favor of epidemic strains of variant 
patterns since in actual screening and testing of hospital isola- 
tions the 80/81 pattern occurred in better than 80 percent of all 
epidemic cultures. 

Failure to demonstrate lysogeny in typical 80/81 strains in 


TABLE 1 


Properties of 79 staphylococcal strains of typing pattern 80/81 and 
related patterns 





Sensitivity to temperate phages 
Number of Number 
lyping pattern strains = lysogenic P53 BWm PSB PO Poo 


80/81 50 0 
52A/80/81 f 0 
52A/80/81 
52/80 
52/80 
29/52/52A/80/81 
428/81 


2 
2 


/ 
/ 


5 
5 
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this study is in agreement with the findings of Asheshov and 
Rippon (1) although Rountree (8) did observe evidence of ly- 
sogeny in several strains of this pattern. Only one strain of pat- 
tern 52/52A/80/81 was demonstrably lysogenic, but 3 strains of 
pattern 52/80 carried phage. However, Asheshov and Rippon 
found lysogeny in 33 of 39 strains of patterns 52/52A/80 and 
this group included at least some, if not most, strains correspond- 
ing to our pattern 52/52A/80/81. It is possible that several of 
our 52/52A/80/81 strains of the group resistant to phage B-Wm 
are lysogenic since they closely resemble the lysogenic strain 
B-Wm which is included in the group. The 6 pairs of strains 
obtained from Dr. Hurst are of interest since one of each pair 
is a typical 80/81 strain and 5 of the 6 variant partners are 
52/52A/80/81, sensitive to phage B-Wm, and not lysogenic. The 
sixth partner strain has a pattern of 52/80. is lysogenic, and is 
resistant to the 5 temperate phages tested. 

Attempts were made to interconvert the various typing pat- 
terns by artificial lysogenization using phage from a series of 
donor strains listed in Table 2. Strains P53 and P60 were isolated 
from hospital personnel during the course of routine screening 
for carriers of the epidemic strain of Staphylococcus, and are 
representative of a number of strains which carried phage active 
against epidemic strains of the typical or the modified patterns. 
They were selected to test the possibility that mixed infection 
and subsequent lysogenization could be responsible for the pro- 
duction of variant typing patterns. Strains P97 and B-Wm are 
naturally lysogenic variants of the 80/81 and were used to de- 
termine whether their phage could convert typical epidemic 
strains into strains of similar modified typing patterns, thus pro- 


TasLe 2 


Lysogenic strains used as sources of phage for lysogenization studies 





Strain Typing pattern 


P53 52/52A 

P60 nontypable 
(sensitive to HJD strain of 44A) 

P97 52/80 

B-Wm 42/52A/80/81 








Lysogenic Conversion of Staphylococcal Strains 657 


viding circumstantial evidence for the origin of these variant 
strains. 

The results of some of the experiments on artificial lysogeniza- 
tion are summarized in Table 3. The parent strains include P184 
which is a typical 80/81 strain, two nonlysogenic strains of pat- 
tern 52/52A/80/81 of which H101N is sensitive to phage B-Wm 
and P59 is resistant, and two naturally lysogenic strains P97 and 
B-Wm. The number in parentheses refers to the strain donating 
the phage and a question mark indicates that lysogenization is 
not proven. For example B-Wm (P60?) are strains derived from 
B-Wm following treatment with phage P60; these have altered 


TABLE 3 


Results of lysogenizing selected strains with temperate phages 





Strain Typing pattern 


P184 80/80 
P184(B-Wm) 80/81 
P184(P53) 52/52A/80/81 
P184(P97) 52/52A/80/81 
P184( P53) (B-Wm) 52/52A/80/81 
P184(P53) (P60) nontypable 








H101N 52/52A/80/81 
H101N(B-Wm) 52/52A/80/81 
H101N(P97) 52/52A/80/81 
H101N(P53) 52/52A/80/81 
H101N(P53) (P60) nontypable 
52/52A/80/81 
81 
(52*/52A*/81*) 
nontypable 


H101N (P60) 


P59 52/52A/80/81 
P59( P53) 52/52A/80/81 
P59( P53) (P60) nontypable 
P59(P60) nontypable 


B-Wm 52/52A/80/81 
B-Wm (P53) 52/52A/80/81 
(80 


B-Wm (P60?) 
nontypable 


P97 52/80 
P97 (P60) nontypable 
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patterns of phage sensitivity but cannot be shown to now carry 
and produce phage P60. They may result from abortive lyso- 
genization, lysogenization by defective phage, or selection of re- 
sistant mutants by phage. 

Of special significance is the fact that certain phages, upon 
lysogenization, can cause an increase in phage sensitivity in a 
manner similar to the ‘converting phages’ of Rountree (8) and 
Asheshov and Rippon (1). Phages P97 and P53 are converting 
phages and seem to be identical in their properties although one 
is derived from an epidemic strain of modified pattern and the 
other from a strain of phage group I presumably unrelated to 
the epidemic strains. Although strains of pattern 80/81 are con- 
verted by lysogenization to the enlarged pattern 52/52A/80/81, 
the naturally occurring strains of the latter pattern are not 
altered in sensitivity to typing phages when lysogenized with 
phages P53, P97 or B-Wm. 

Phage B-Wm is not a converting phage and when lysogenized 
on the typical 80/81 strain causes no change in the typing pat- 
tern. Lysogeny in 80/81 strains is therefore possible and its nat- 
ural occurrence has been recorded by Rountree (8) although we 
could not demonstrate it in our material. Neither could we find 
any evidence of defective prophage in the 80/81 strains which 
would thus minimize the possibility that converting phages act 
by prophage substitution. Had defective prophage been demon- 
strated it could explain the observations of Asheshov and Rippon 
(1) that converted strains when ‘cured’ of their converting 
phage, retained the broader typing pattern rather than reverting 
to the 80/81 pattern. 

Phage P60 produces several alterations in typing pattern after 
lysogenization. The typical 80/81 strain is resistant to phage 
P60, but lysogenization with converting phage renders it sensi- 
tive. The doubly lysogenic strain P184(P53) (P60) is nontyp- 
able; P59(P53) and H101N(P53) when lysogenized with phage 
P60 also become nontypable. Strain P97, which is naturally 
lysogenic for a converting phage, also becomes nontypable when 
lysogenized with phage P60. It would seem therefore that strains 
lysogenic for both P60 and a converting phage are nontypable 
only. Strain P59 invariably becomes nontypable when lysogen- 
ized with phage P60, and thus behaves as if it is lysogenic for 
converting phage although none could be demonstrated. Strain 
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P59 differs from strain H101N only in its insusceptibility to 
phage B-Wm. Strain H101N, which is not demonstrably lyso- 
genic, and strain B-Wm, which is lysogenic but not for a con- 
verting phage, produce other modifications of the typing pattern 
as well as nontypable strains when treated with phage P60. 
Lysogenization of strain H101N with phage P60 simultaneously 
confers resistance to the converting phages, so that double lyso- 
genization is possible only with one sequence of treatments. Both 
Rountree and Asheshov and Rippon also have observed progeny 
of more than one typing pattern as a consequence of lysogeniza- 
tion by a single phage. The nontypable derivatives of the epi- 
demic strains lysogenized with phage P60 differ from the donor 
bacterial strain P60 since the latter is sensitive to the HJD strain 
of typing phage 44A but the artificially lysogenized derivatives 
are resistant to both strains of 44A. 


Discussion 


The data presented would suggest that strains of modified typ- 
ing pattern are produced from typical 80/81 strains primarily by 
mutation. This is strongly supported by the low frequency of 
lysogeny among the variant strains and in particular by the ab- 


sence of lysogeny among 5 of the 6 paired epidemic and modified 
strains from children. Chance lysogenization by a converting 
phage from the environmental flora cannot be excluded as a pos- 
sible source of modification of typing pattern, and at least one 
strain, P97, is naturally lysogenic for a phage of demonstrated 
converting ability. However, we have also shown that converting 
phage can lysogenize strains of typing pattern 52/52A/80/81 
without altering the lytic pattern, and Asheshov and Rippon 
have observed that a lysogenic strain when ‘cured’ of converting 
phage retains its broader typing pattern. These authors also have 
evidence to show that converting phages do not merely select for 
mutants with the modified typing pattern. One might reconcile 
these observations by speculating that the locus in the bacterial 
genome responsible for sensitivity to typing phage 52 and 52A 
is also the preferred site of attachment of the converting phage 
(as phage A prefers the Gal locus in Escherichia coli strain K-12) 
so that phage sensitivity may be altered either by spontaneous 
mutation of the locus or by the nature of the attachment of con- 
verting prophage to the locus. One can further compound this 
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speculation with the additional provision that a nonconverting 
phage such as B-Wm has essentially the same host range as a 
converting phage but a different preferred site for attachment of 
prophage. This may be accompanied by differences in the sero- 
logical grouping of the two types of phage as shown by Rountree 
and by Asheshov and Rippon. Not all converting phages are nec- 
essarily identical since the three studies of this conversion phe- 
nomenon have used phage obtained from strains of varied typing 
patterns and the resulting changes from artificial lysogenization 
have not been completely equivalent. The conversion of typing 
pattern in staphylococci is similar to the lysogenic conversion of 
somatic antigens and phage sensitivity in Salmonellae (Uetake. 
Luria and Burrous, 1958) but differs in the extent of dependence 
on the presence of prophage. 

Rountree regards 52/52A/80/81 as the prototype, but the data 
in this report based on the sequence and frequency of appear- 
ance of the several patterns during the course of a hospital out- 
break, together with those of Asheshov and Rippon, suggest that 
strains of this typing pattern are derived from 80/81 strains. 

The experiments in which strains were lysogenized artificially 
suggest that under natural conditions such as mixed infections or 
in asymptomatic carriage of staphylococcal mixtures, it is possi- 
ble for lysogenizations to occur which may modify the typing 
patterns of epidemic strains and which may produce nontypable 
descendants. The invasiveness and pathogenicity of these non- 
typable descendants of the 80/81 strains could be of appreciable 
epidemiological significance. For example, the use of phage prep- 
arations to treat carriers of the 80/81 strain could, through lysog- 
enization, produce descendants of the epidemic strain not identi- 
fiable as such by phage typing pattern but which may or may not 
retain the same degree of virulence as the original 80/81 epi- 
demic strains. 


Summary 


Certain phages can lysogenize typical 80/81 strains of staphy- 
lococci and convert the typing pattern to one of increased 
sensitivity, confirming observations of other investigators. How- 
ever, naturally occurring 52/52A/80/81 strains do not seem to 
arise primarily by this mechanism. Lysogenization with phages 
from staphylococcal strains unrelated to strains of the various 
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epidemic patterns are capable of producing alterations of the 
typing pattern of these epidemic strains. 
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THE EFFECT OF BATYL ALCOHOL AND RELATED 
ALKOXYGLYCEROLS ON HEMOPOIESIS 
IN THE RAT* 


Wap N. SuKI AND ARTHUR GROLLMAN? 


With the technical assistance of 


Myrna TENHOLDER 


The isolation of baty] alcohol from the unsaponifiable fraction 
of yellow bone marrow! and from other tissues** has led to its 
use for the stimulation of hemopoiesis in experimental animals*° 
and humans,° and the suggestion that it may be one of the hu- 
moral factors which regulates normal hemopoiesis. In view of 
the possible physiologic and therapeutic significance of baty] al- 
cohol, the present study was undertaken to evaluate its hemo- 
poietic activity as well as that of its related alkoxyglycerol 
homologues, selachy] and chimy! alcohol, which have hitherto 
not been investigated. 


Methods and Materials 

Groups of four to six Sprague-Dawley male rats weighing 250 to 400 g. 
were given 50 mg. selachyl alcohol, 25 or 50 mg. batyl alcohol, or 25 mg. 
chimy] alcohol by stomach tube daily for 15 days. The alcohols were emulsi- 
fied in distilled water with the aid of minute amounts of polysorbate 80 
(Tween 80®). One group of rats served as controls. 

Blood, obtained by an incision of the tip of the tail at the beginning of the 
experiment, at weekly intervals during treatment and one week after cessation 
of therapy. was used for counting the formed elements. Erythrocytes and 
leukocytes were counted by conventional methods; reticulocytes and platelets. 
as described by Damashek*. Differential counts were made on smears treated 
with Wright’s stain. Hemoglobin was determined by the cyanmethemoglobin 
method®; the hematocrit by the use of Van Allen tubes. 

In order to obviate the effect of bleeding on erythropoiesis, the experiments 
on radioiron uptake were performed on separate groups of animals not 
utilized for the above-described studies on the formed elements of the blood. 


*A preliminary report of these studies was presented before the South- 
western Section of the Society for Experimental Biology and Medicine at 
Little Rock, March 12, 1960. 

» Aided by grants from the National Institutes of Health (H-4124) and the 
Dixie and Grady Vaughn Fund. Department of Experimental Medicine, 
University of Texas Southwestern Medical School, Dallas, Texas. Accepted 
for publication July 10, 1960. 
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Since the peak of hemopoietic activity occurs at one week following treatment, 
the shorter period of treatment suffices for the study of radioiron uptake. 
Studies were performed on groups of rats receiving daily approximately 100 
mg. batyl alcohol admixed with their food for 5 days; 50 mg. chimy] alcohol 
by stomach tube for 7 days; and 50 mg. selachyl alcohol by stomach tube 
for 15 days. 

At the end of the period of treatment the rats were injected through the 
saphenous vein with 0.5 microcuries of Fe®® (as ferrous sulfate) diluted to 
0.5 ml. with normal saline. Blood samples were obtained by cardiac puncture 
24 hours later. Radioactivity was determined in a well-type scintillation 
counter, and the degree of radioiron uptake was calculated, assuming the 
blood volume to be 5 per cent of the body weight. A control group of rats 
was used for each experiment. 


Results 


As shown in Tables 1 and 2, which summarize all the data, no 
significant change in the hemoglobin and hematocrit values was 
induced by any of the three compounds under investigation. All 
three compounds did initiate, however, a significant reticulocy- 
tosis by the first week of treatment, with the exception of chimy] 
alcohol in which case the reticulocytosis was significant only 
when compared to the initial values of the experimental group 
rather than to the controls. The reticulocytosis induced by 
chimy] alcohol, however, reaches highly significant values by the 
end of the second week of treatment when that induced by baty! 
alcohol at the 25 mg. level becomes insignificant. The erythro- 
cytosis induced by treatment with the alkoxyglycerols was only 
occasionally of a marked degree. Selachy] alcohol did not induce 
any significant erythrocytosis, while chimy] and baty] alcohol 
induced a significant stimulation of red cell formation which be- 
comes highly significant at the end of two weeks of treatment. 
A significant stimulation of the white blood cells was induced 
by chimyl alcohol and by batyl alcohol at both dose levels, this 
effect persisting to the end of the second week of treatment. The 
differential counts, however, were variable, and the results are 
therefore not included in the data. There is accordingly no pre- 
dilection for the stimulation of any particular cell type. 
Thrombocytes were significantly elevated by treatment with 
selachyl and chimy] alcohols. In the case of batyl alcohol, throm- 
bocytosis was induced at the 50 mg. dose level to a significant de- 
gree only in comparison with the initial value of the experi- 
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mental group; at the end of two weeks, however, the increase 
noted is highly significant. 

The results of the studies of radioiron incorporation, as shown 
in Table 3, indicate that the alkoxyglycerols induce no enhance- 
ment of radioiron uptake. This accords with the observed lack of 
increase in hemoglobin, as shown in Tables 1 and 2, and indi- 
cates that the alkoxyglycerols do not stimulate hemoglobin syn- 
thesis but exert their action solely on cellular proliferation. 


Discussion 


The present study confirms the previously reported capacity 
of batyl alcohol to accelerate the production of erythrocytes,** 
leukocytes and thrombocytes in the normal rat.*:? Other al- 
koxyglycerols (chimyl and selachyl alcohols) resemble batyl 
alcohol in action but are less active, particularly selachy] alco- 
hol. Our results differ in several respects from those reported by 
Linman et al.’ These workers observed a more marked increase 
in the erythrocyte count following the administration of baty] 
alcohol, but their conclusions are not convincing since their ani- 
mals showed an initial erythrocyte count of 6 to 7 million instead 


of 8 to 9 which is the normal erythrocyte count in this animal 
and particularly in the strain (Wistar) which they used.’ 

Also our results do not support the conclusion of Linman et al.’ 
that baty] alcohol exerts a specific stimulating effect on the 


TABLE 3 


The incorporation of radioactive Fe®% by the erythrocytes of rats. Values are 
expressed as per cent of the Fe*% injected 24 hours previously (+ 
standard deviation) for the experimental animals receiving the 
alkozryglycerols listed in column 1 as compared to that 
observed in control animals (last column) 





Fe™® uptake 





Duration - 
of treatment Experimental Control 


g days per cent per cent = 
Baty] alcohol 5 48.1 +1.98 48.5 +2.42 
p>0.7 
Chimy] alcoho] 74.7 %15.77 62,2 
p>o0.1 
Selachy] alcoho) 5 17.7 +411 
p>0.8 
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granulocytes with only moderate effects on the lymphocytes and 
no effect on the other leukocytes. Our results are consistent with 
the observations of Giffin and Watkins" who through the use of 
strained preparations of yellow bone marrow demonstrated an 
initial increase in mononuclear elements followed by a subse- 
quent increase in the neutrophilic granulocytes. 

The observed effects of the alkoxyglycerols are of physiologic 
as well as therapeutic significance. Since all the formed elements 
of the blood originate from a multipotential stem cell, some hu- 
moral agent may be responsible for maintaining these at their 
normal levels. Whether batyl alcohol or a related agent repre- 
sents this humoral factor remains to be established. The existence 
in serum of an ether-insoluble, heat labile erythropoietin (possi- 
bly of renal origin) which regulates hemoglobin production is 
now generally accepted. This factor, however, induces no leuko- 
cytosis or thrombocytosis as does batyl alcohol. The capacity of 
serum from polycythemic patients to stimulate thrombocytosis 
as well as erythrocytosis, as demonstrated by Linman ef al.,’ 
would suggest that some factor, with an action similar to that of 
the alkoxyglycerols, is present in polycythemic sera which acts in 
conjunction with erythropoietin. This factor is heat stable and 
ether soluble as are also the alkoxyglycerols and like the latter 
stimulates erythropoiesis without accelerating hemoglobin syn- 
thesis. 

Relatively large doses of the alkoxyglycerols as used in the 
present study are necessary for stimulating hemopoiesis. This 
may be accounted for by the rapidity with which these com- 
pounds, as shown by Blomstrand," are dissociated at their ether 
linkage both in the intestinal tract as well as when administered 
parenterally. One might postulate the existence of a more stable 
precursor or related agent which is physiologically concerned in 
hemopoiesis. 

The therapeutic potentialities of the alkoxyglycerols have been 
demonstrated by their capacity to counteract the leukopenia 
which follows irradiation® and the anemia of bracken poisoning 
of cattle.'* On the other hand, d/-batyl alcohol administered by 
various routes fails to prevent aplastic anemia in calves induced 
by feeding trichlorethylene-extracted soybean oil meal.'* The 
therapeutic effectiveness of these compounds in idiopathic throm 
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bocytopenia, granulocytopenia and other hematological dis- 
orders of the human remains to be determined. 
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radioiron uptake following the administration of batyl alcohol 
included in Table 3. 


Summary 


The accelerating effect of batyl alcohol on hemopoiesis has 
been confirmed. Chimy] alcohol, a related alkoxyglycerol deriva- 
tive. is also effective in this respect while selachy] alcohol is less 
active. The alkoxyglycerols stimulate erythrocytosis, leukocyto- 
sis and thrombocytosis and appear therefore to exert their action 
on a common stem cell. They fail to accelerate hemoglobin for- 
mation. The physiological and therapeutic implications of the 
observed results are indicated. 
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A RAPID METHOD FOR PRODUCTION OF REPLICATE 
MONKEY KIDNEY TISSUE CULTURES IN 
UNSTOPPERED TUBES* 


Craic WALLIS AND JosEPH L. MELNICK” 


The use of cell cultures in the research and diagnostic labora- 
tory is constantly increasing. It therefore would be desirable to 
by-pass the time-consuming, laborious task of repeated stopper- 
ing of culture tubes during their growth phase, prior to their 
use as experimental or diagnostic tools. 

Between 6,000 and 10,000 monkey kidney (MK) tubes are 
prepared for general use in our laboratory weekly, with the con- 
sumption of 80 man-hours per week utilized for this task. In the 
past, our production line had consisted of 1 technician inocu- 
lating cells suspended in growth medium into tubes with an auto- 
matic pipette. Three teams of 2 persons each flamed and rubber- 
stoppered the tubes (handling 4—5 tubes at one time). The tubes 
were then passed along the production line where they were 
aligned properly in racks and transferred to the incubator. When 
a confluent monolayer of cells developed, usually by the 6th day, 
the tubes were reprocessed as follows: 4 or 5 tubes, being handled 
at one time were unstoppered, flamed, the growth medium de- 
canted, tubes reflamed, and then filled with maintenance me- 
dium. The tubes were then reflamed, restoppered, aligned in 
racks, and reincubated until used. 

We have improved our techniques of tissue culture produc- 
tion by designing the following devices. One is a tube storage box 
made of stainless steel. welded water-tight, with a loose, stainless 
steel cover overhanging the sides of the box by 2 inches. The 
cover has proved adequate as a precaution against bacterial or 
mold contamination during storage of sterile tubes prior to their 
use (Fig. 1). 

Spot-welded in this box is a stainless steel angle rack which 
holds the bottom row of tubes firmly in place at a 5° angle. The 

* Aided by a grant from the National Foundation. Paper accepted for 
publication July 30, 1960. 


» Department of Virology and Epidemiology, Baylor University College of 
Medicine, Houston 25, Texas. 
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Fic. 1. The unit in operation, with tube box in place on wooden angle 
support, and tubes being filled with monkey kidney cell suspension. Box cover 
(left foreground) and gasket (right foreground) are displayed for demonstra- 
tion. Outside dimensions of tube box: 8:%s inches long, 5:s inches wide, 614 
inches deep. 


Fic. 2. The tube box (left), and the same unit adapted for use as a rubber 
stopper « container (right). Adapter insert for one layer of stoppers is shown in 
right foreground. One box holds 300 “00” stoppers. 
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inner roof of the box contains a finger-type, spring wedge also 
made of stainless steel. When the box is full (approximately 100 
tubes). it can be handled readily and even roughly without mis- 
alignment of tubes. A neoprene gasket was designed to fit the box 
snugly forming an airtight seal. The grooves in the gasket are 
3g” deep (1” thickness neoprene used) and engineered to the 
measurements of the lips of the box. The groove in the gasket 
was molded to afford anchoring action on pressure. Like the tube- 
filled box. the gasket is sterilized by autoclaving. The stainless 
steel box. without the spring wedge and the angle rack, has a 
number of diversified uses, such as storage of rubber stoppers, 
serologic tubes. and other items which must be maintained sterile 
Fig. 2). For handling the boxes we have designed a wooden 
angle upport which holds the tubes at a convenient slant so as to 
reduce exposure to environmental flora. 

Our new production procedure follows this course: after the 
tubes are washed. they are aligned in boxes with the frosted mark 
up. Each box is then covered with a stainless steel lid and auto- 
claved. On tube-production day. the boxes are placed on an angle 
holder. and the stainless steel cover removed; the cells' are dis- 
tributed with an automatic pipette; the tops of the tubes are then 
flamed. the sterile gasket placed in position, and the unit trans- 
ferred to the incubator. Five to 10 tubes from each lot of approxi- 
mately 1500 tubes are rubber-stoppered and examined daily 
under the microscope. When a full monolayer sheet is obtained 
in the stoppered tubes. the gaskets are removed from the cans. 
and the fluid in the tubes is removed by inversion of the entire 
box over a large pan. The tops of the tubes are then flamed. 
maintenance medium is distributed to each tube by means of an 
automatic pipette. and the tubes are flamed again. The gaskets 
can be replaced if the cultures are to be used within the next 48 
hours. or the tubes can be used and rubber-stoppered immedi- 
ately. For some purposes it may be desirable to stopper the 
tubes as soon as the maintenance fluid is added. 

Two technicians working approximately 4 hours can fill 
10,000 tubes with cells. seal the boxes with gaskets, and stack 
them im an incubator. These devices have saved 70 man-hours 
per lot of 10.000 tube: 


Celis were trypemized by procedures already described in detail (1) and 
grown in our lactalbumin (MEH) medium (1). The replacement medium for 
mantenance uf the cultures contained Parle’s rather than Hanks’ solution (1 





Production of Replicate Monkey Kidney Tissue 673 


We have been using this procedure for many months without 
any untoward incidents of environmental contamination. In fact. 
with less handling of individual tubes, and constant maintenance 
of cultures at a 45° angle during production, it is reasonable to 
expect a reduction in environmental exposure. Repeated, com- 
parative studies have revealed that the cells grown in tubes in 
gasket-covered boxes are comparable in quality to those grown 
in individually stoppered tubes. 


3 
Summary 


Devices are described for the preparation and growth of repli- 
cate tissue cultures in unstoppered tubes with a considerable 
saving of time as well as elimination of the hazards involved 
with stoppering of glass tubes in large numbers. By using a neo- 
prene gasket as a seal for approximately 100 culture tubes con- 
tained in a stainless steel box, cultures comparable in quality to 
those grown in rubber-stoppered tubes were obtained. 
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SOMATIC CHROMOSOMES OF PRAYING MANTIDS 
AS SHOWN BY THE SQUASH TECHNIQUE®* 


MicHackEt E. WarREN. GEORGE GASSNER III, AND 
OsmonpD P. BRELAND” 


Introduction 


It has become increasingly evident through the years that 
workers should use many types of data in determining evolu- 
tionary trends and in suggesting relationships among organisms. 
One of the most recent developments in this connection has been 
the analysis of the chromosomal complements of the species in- 
volved. At one time chromosomal investigations were relatively 
difficult and time consuming, but with the development of the 
squash technique, these factors have been considerably reduced. 
Now, it is possible to obtain at least preliminary results rela- 
tively easily and quickly. 

Squashing is now used extensively for chromosomal studies by 
plant cytologists; among animal cytologists the technique has 
been perhaps most frequently used for a study of the salivary 
gland chromosomes of Drosopila. Squashing is also employed on 
the brains of Drosophila larvae, and it has been used for brain 
and/or salivary glands in other groups of Diptera (e.g. Breland, 
1959; Rothfels and Dunbar, 1953; Boyes and Slatis, 1954). 

Among insects without larval stages in their life cycles, i.e., 
those with simple metamorphosis.’ squashing has been used for 
investigations of spermatogenesis (e.g. Leston, 1957; Rao, 1955). 
but so far as can be determined this procedure has seldom been 
used routinely for a study of the chromosomes of the brain of 
these insects. One objective of the present paper is to record some 
preliminary observations relative to the use of the squash tech- 
nique on the brains of praying mantids. Another objective is to 
suggest some methods to be used by future investigators working 
with insects with simple metamorphosis. 

* Supported by The University of Texas Research Institute. Accepted for 
publication August, 1960. 

» The University of Texas, Austin, Texas. 


1 As used here, simple metamorphosis includes insects with gradual and 
incomplete metamorphosis 
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The insects used for this work were specimens of the praying 
mantid, Stagmomantis carolina (Joh.). The mantids were being 
reared in the laboratory primarily for investigations other than a 
study of chromosomes, and consequently, our studies were not as 
complete as could have been made under other circumstances. 
The percentage of positive results obtained is not outstanding. 
However, since some results were achieved from our incidental 
studies, it is considered worthwhile to report them at this time 
together with suggestions for future work. Although this dis- 
cussion applies specifically to mantids, it is suggested that the 
same methods, or slight modifications, might also be used with 
certain other insects with simple metamorphosis. 


Methods 


Females of S. carolina, as well as egg masses of this species, were collected 
and brought into the laboratory. The females deposited several oothecae, and 
from these and those collected in nature, nymphal mantids emerged. Because 
of the limited material for our chromosomal work, only the early instar 
nymphs were examined. The techniques used were modifications of those 
employed for a study of the chromosomes of mosquitoes (Breland, 1959). 

The head of the specimen is removed and placed in modified Carnoy’s 
fixative for approximately one minute. (Modified Carnoy’s: 1 part absolute 
alcohol, 1 part glacial acetic acid, 1 part chloroform.) The head is dissected 
for the brain in saline under a low power dissecting microscope. The head is 
placed frontal surface down on a microscope slide. One dissecting needle is 
inserted in the mouth region to hold the head in place, and the covering of the 
eyes is removed with the other needle. An incision is then made transversely 
across the head capsule from one eye to the other. and the brain is exposed by 
turning back the exoskeleton from this incision. The brain is a whitish, some- 
what hour-glass shaped object lying across the head capsule between the eyes. 
The brain is removed from the head capsule and the slide cleared of all tissue 
except the brain. The excess saline is blotted with filter paper, and a drop of 
1 to 2 per cent lacto-aceto-orcein? is added to the brain. We have found that 
exposure to the stain for 40 to 45 minutes is sufficient; during this time a small 
metal ring is placed around the drop of stain covered with a cover slip to 
prevent evaporation. 

After staining, the slide is examined on a white background with a dissecting 
microscope, and the excess stain removed with filter paper. A drop of 50 per 
cent acetic acid is added to the preparation for partial destaining, The acetic 

* Lacto-aceto-orcein: 33 ml. distilled w ater; 33 ml. glacial acetic acid; 33 ml. 
lactic acid, Heat over water bath. Stir in 2 gms. synthetic orcein and heat for 
30 minutes to an hour being careful not to boil. Stir regularly, Filter stain 
while hot, Better results have been obtained with synthetic orcein than with 


the natural material. The orcein used was manufactured by the National 
Aniline Division of the Allied Chemical and Dye Corporation. 





676 Warren, Gassner and Breland 


acid is removed with filter paper and another drop placed on the brain. A 
large square cover slip (18 mm to 22 mm) is now applied to the brain. 
Squashing is accomplished by placing a strip of filter paper over the cover 
slip and applying pressure with the thumb. A drop of 50 per cent acetic acid 
is added to the edge of the cover slip, and the slide checked with a compound 
microscope to determine whether or not more squashing is desirable. Slides 
of this type can be made usable for two weeks to a month or more by sealing 
the edges of the cover slip with a mixture of 60 per cent Canada balsam and 
40 per cent paraffin. Recent books of cytological technique also suggest several 


methods of making these slides permanent. 
When one becomes proficient in dissection, it is possible to start with a 
living specimen and have a completed slide in approximately an hour. 


Discussion 


The decision to sacrifice some of our specimens for brain 
squashes was not made until all the nymphal mantids had 
emerged from the egg masses. The exact age of individuals was 
not considered important for another investigation in progress, 
and consequently, emergence dates were recorded only for 
groups of oothecae. Ages given are thus only approximate. 
Twenty-eight slides were made, about equally divided between 
first and second instar nymphs, and of this number, one or more 
mitotic figures were seen on five slides. Four of these were from 
second instar nymphs, 30 to 40 days old, and one was from a 
first instar nymph approximately 7 days of age. 

Many studies have been made of the chromosomes of praying 
mantids, but these investigations have dealt primarily with sec- 
tioned gonadal material (e.g. Hughes-Schrader. 1950; White. 
1941). King (1931) used smears in addition to sections in his 
study of the gonads. 

In the United States and regions with similar climatic condi- 
tions, mantids with gonads sufficiently developed for study are 
available for only a few months each year. The adults die in the 
fall and are not again available until the following summer. The 
insects pass the winter in the egg stage, and there is only one, or 
in some cases a partial second, generation per year (Roberts, 
1937a; 1937b). Female mantids in the laboratory often live later 
into the winter than if they were outside, and they will fre- 
quently deposit many ootheca. Collected ootheca and those de- 
posited in the laboratory and kept indoors often hatch two or 
three months sooner than they would in nature (Breland and 
Dobson, 1947). Squashes of nymphal brains could thus be used 
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at least for preliminary investigations during periods when go- 
nadal material would not be available for study. Collected oothe- 
cae can often be identified as to species, and nymphal mantids 
thrive on small insects such as Drosophila (Breland and Dob- 
son, loc. cit.). It seems evident, therefore, that it would be advan- 
tageous to use squashes on nymphal brains if a technique could 
be developed that would give a high percentage of good results. 

In those insects with complete metamorphosis in which 
squashes have been used on larval brains, it has been found that 
many more mitotic figures occur during rather specific stages of 
development (e.g. Breland, 1959). In view of this and our rather 
inconsistent results with mantids of different ages, it is thought 
probable that the same situation occurs in the brains of insects 
with simple metamorphosis. It is suggested, therefore, that a 
higher percentage of positive results could be obtained if squashes 
were made just before, and perhaps just after, ecdysis. 

Our own observations (unpublished) and those of other work- 
ers (Robert, /oc. cit.) have shown that length of instars varies 
with the instar, with different species, and in different individ- 
uals of the same species. Generally speaking. however. species of 
Stagmomanitis that have been observed average from about 10 to 
16 days in each of the first two stadia. At certain times develop- 
ing structures of the next instar can be seen through the nymphal 
integument. It seems probable that by careful studies of the vari- 
ious developmental periods, correlations could be made between 
the time of greatest mitotic activity in the brain and certain 
developmental stages. 

An examination of figures 1 and 2 reveals areas in both photo- 
graphs in which the chromosomes are not spread as much as 
most investigators would desire. One can distinguish somewhat 
more detail by an examination of the preparation, but even 
under the microscope, details of a few of the chromosomes are 
obscure. It is suggested that water pretreatment (Makino and 
Nishimura, 1952) and perhaps the use of harder pressure in 
making the squashes would cause satisfactory spreading of the 
chromosomes. 
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PLATE 1 


Chromosomes from the brain cells of the praying mantid, Stagmomantis 
carolina (Joh.). 


Fic. 1. From second instar nymph. x 1600. 
Fic. 2. From first instar nymph, approximately 7 days of age. x 1600. 


Fic. 3. Diagram of chromosomes in figure 1, spread to show individual 
chromosomes. The details of a few chromosomes in this preparation are 
obscure. 
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Tools of Biological Research. Ed. H. J. B. Atkins, Introduction by 
Sir C. Hinshelwood. Charles C Thomas, Publisher, Spring- 
field. Illinois, 1959. XVI + 183 pp., 22 ill., $8.00. 


The aim of this book is to give the physician or surgeon, interested in 
research, a short. simple. but authoritative sketch of a series of methods, used 
in biological research. It consists of ten chapters, written by competent authors 
and comprising as varied subjects as The Design of Experiments (P. Armi- 
tage). Flame Photometry (R.H.S. Thompson and R. W. Baker), Electro- 
manometry (J. P. Shillingford), Tissue Culture (Honor B. Fell), Tissue 
Transplantation (L. Brent). Electron Microscopy (J. D. Robertson), Phase 
Contrast and Interference Microscopy (R. Barer), Electrophoresis (N. H. 
Martin). Image Intensification (B. Combee and P. J. M. Botden), and Mass 
Spectrometry (P. Hugh-Jones). 

As Sir Cyril Hinshelwood says in his introduction: “Research has both its 
strategy and its tactics and a proper appreciation of their interplay is as 
essential in science as in war. . . . The kind of stategy employed is a function 
of the tactical methods and the weapons available.” . . . “Wonderful new 
methods have been developed. Strategically it is now possible to envisage 
plans involving in their course the reduction of strongholds which were once 
impregnable. Optics, electronics and radio-chemistry all provide tools for the 
biologist. How is he to use them?” The authors admirably answer Sir Cyril’s 
question and though the reader cannot expect to have a complete picture of 
the methods described, nevertheless he will easily grasp the principle and the 
range of application. At the end of each chapter a carefully selected bibliog- 
raphy enables the reader to go a little deeper into the described methods, and 
gives concrete examples of their use in clinical research. The book is highly 
readable and warmly recommended to all those who wish to acquaint them- 
selves with the most important research techniques. 


Wiktor W. Nowinski 


Biochemistry of Human Genetics. Ciba Foundation Symposium. 
G. E. W. Wolstenholme, O.B.E., M.A., M.B., B.Ch. and 
Cecilia M. O'Connor, B.Sc., Pp. 347, Little, Brown & Com- 
pany. Boston, Massachusets, 1959. $9.50. 


This volume is a collection of articles by those participating in the Sym- 
posium on Human Biochemical Genetics held in Naples, Italy, in May, 1959. 
This symposium was initiated by Professor Montalenic of the Institute of 
Genetics, University of Naples on behalf of the International Union of Bio- 
logical Sciences and was sponsored by the Ciba Foundation. In all 17 articles 
and discussions of these articles by the 29 participants, nine of whom are 
Americans. are included along with an address of welcome and the chairman's 
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opening remarks. Together, they constitute an authoritative and thorough 
review of the subjects discussed. 

The topics covered in the book fall into three sections. The problems of 
genetical control of metabolism are considered first. The second and by far 
the largest section is devoted to various aspects of blood. The final section 
deals with the mechanisms of gene action. 

For those familiar with the advances in Human Biochemical Genetics, the 
volume will be somewhat disappointing. Too much space and talent is devoted 
to the blood substances, where admittedly the greatest advances have been 
made in the past. In spite of the distinguished list of contributors, too lengthy 
to repeat here, to this Symposium, nothing really new is presented. Most of 
the book is devcted to a review and discussion of existing data. But after all 
perhaps this is the function of a Symposium, to bring together a select few 
for intellectual and stimulating exchange of ideas, and bringing together a 
body of knowledge easily accessible to others interested in scientific progress. 
This criticism, however, does not detract from the value of the book. The 
volume brings together a great deal of material and contains an excellent set 
of articles which are well worth reading by individuals interested in these 
fields of research. The list of references which follow each article should be 
particularly helpful to the neophytes in the field of Human Biochemical 
Genetics. As one who believes that the proceedings of important and informa- 
tive conferences should be accessible to all, it is regrettable that the price of 
the book makes this rather doubtful. 

Johanna Blumel 


Human Microananatory. Hans Elias and John S. Pauly, Chicago 
Medical School. 212 pp. mostly illustration. DaVinci Pub. 
Co., Chicago 14, Ill. 1960. $9.60. 


Most textbooks of gross- or microanatomy at this time grow with every new 
edition. They have become too large to be studied in the ordinary medical 
course but teachers in both fields are hesitant about giving up the mass of 
reference material for a smaller text. 

The book by Elias and Pauly is a very condensed version with numerous 
completely labeled illustrations but little text matter. The esthetic appeal of 
histology is presented in good drawings and excellent three dimensional 
reconstructions. Some ef the halftones could be improved by lighter printing. 

The average course does not require more than is to be found here but the 
illustrations will need thorough study to extract the information contained 
in them. The text while brief is not confined to description but attempts 
extension into physiology and pathology, For one who is willing to limit his 
text to what he expects from his students the book can be recommended. 


John G. Sinclair 
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Aging: University of Chicago Press, Chicago 37, Illinois, issues three interest- 
ing items on aging: JE Birren edits Handbook of Aging & the Individual, 
1960. 939 pp, $12.5; C Tibbitts edits A Handbook of Social Gerontology, 1960, 
775 pp. $10, and E W Burgess edits Aging in Western Societies, 1960, 400 pp, 
$7.5. 

Clinical: F M Berger well edits symposium on non-narcotic drugs for relief of 
pain (Ann NY Acad Sci 86/3-315/60). S Bogoch stimulates with ideas on 
interaction viruses with native brain substrates (Neurol 10/439/60). G Crile 
Jr. speculates wisely on cancer problems (Perspect Biol Med 3/358/60). NS 
Byslop describes listeriosis as a potential danger to public health (Veterinary 
Rec 71/1082/Dec 26/59). GE Jayle, AG Ourgand, LF Basinger & WJ Holmes 
analyze Night Vision (CC Thomas, Springfield, Ill. 1960, 422 pp, $13.5). HL 
Price surveys general anesthesia & circulatory homeostasis (Physiol Rev 
40/187-218/60). GA Schumacher reviews demyelinating diseases (New Eng 
J Med 262/969, 1019/May 12. 19/60). P Schwartz well considers Birth 
Injuries of the New Born (S Karger, Basle. 1950. 350 pp, SFr 65). JA Tamerin 
reviews management of thermal burns (NY State J Med 60/1472/60). ER 
Trethewie notes cortisone inhibition of histamine release of gastric acid 
(Austral J Exp. Biol. Med 37/573/59). RH Wilson & Co confirm decrease in 
pulmonary function in heavy smokers (New Eng J Med 262/956/May 
12/60), GEW Wolstenholme & CM O'Connor edit Virus Virulence & Patho- 
genicity in honor of Prof J Mulder (Ciba Foundation Study Group #4, Little 
Brown, Boston, 1960, 114pp. $2). 

General: Outstanding is WC Alvarez’s discussion of the art of interpreting 
medicine to intelligent people generally (NY State J Med 60/1490/60). L 
Bernstein’s The Joy of Music is full of his own (Simon & Schuster, New York. 
1960, 320pp. $6). It’s some kind of a high when Wall St Journal (May 4/60) 
raves over G Highet’s The Powers of Poetry (Oxford University Press, New 
York, 1960, 356pp, $6). HM Kalckar offers glowing appreciation of Kaj 
Linderstrom-Lang (1896-1959) genial director of Carlsberg Laboratories 
(Science 131/1420/May 13/60). 

Preclinical: DM Aciado reviews hemodynamic effects of ganglion blocking 
drugs (Circulation Res 8/304/60). M Bettex-Galland & E Luscher study 
metabolism of human blood platelets in relation to clot retraction (Thromb 
Diath Haemo 4/178/60). GM Brown surveys biosynthesis of water soluble 
vitamins & derived co-enzymes (Physiol Rev 40/331/60). RP Gilbert con- 
siders mechanisms of hemodynamic effects of endotoxin (Physiol Rev 40/219/ 
60). DD Hageman & CA Villae analyse transport functions of placentas 
(Physiol Rev 40/313/60). C Heymans reflects on reflexogenic areas of the 
cardiovascular system (Perspect Biol Med 3/409/60). RD Housewright & CM 
MacLeod introduce symposium on nonspecific resistance to infection (Bact 
Rev 24/1-201/60). F Heinmets & A Herschman consider the quantitative 
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analysis of metabolic processes (Physics in Med Biol 4/238/60). MJ Seven 
& LA Johnson edit stimulating & comprehensive symposium on Metal Bind- 
ing in Medicine (JB Lippincott, Philadelphia 5, 1960, 400pp, $13.75). L 
Tobian comments on interrelationships of electrolytes, Juxtaglomerular cells, 
& hypertension (Physiol Rev 40/280/60). PJ Watson reviews mode of action 
of local anesthetics (J Pharm & Pharmacol 12/257 /60). 

Clinical & Preclinical: JL Bollman edits special symposium honoring Frank 
C Mann (Amer J Digest Dis ns 5/285-394/60). AA Brust introduces pro- 
ceedings of conference (IS Wright presiding) on Triparanol, Mer-29, which 
for why has no public name? -1-(p-diethyl-amino-ethoxypheny]-1-pheny]-2- 
p-anisy]-ethanol, an anticholesteremic compound, with summary of preclinical 
session by KE Bloch, and summaries of clinical sessions by RW Wilkins & 
IH Page (Progress Cardiovascular Diseases 2/485-648/May 1960). 
Specially to be noted: F Clark & RLM Synge edit for International Union of 
Biochemistry, & AI Oparin, AG Pasyskii, AE Braunshtein, & TE Pavlovskaya 
edit for USSR Academy of Sciences, imposing Vol 1 of International Union 
of Biochemistry series on The Origin of Life on the Earth (Pergamon Press, 
New York 22, 1960, 708pp, $15). 


SEPTEMBER, 1960 


Drug Names: Jucicious statement on drug names, implying wisdom of public 
names (if simple & agreed-upon), is from Committee on Advertising, New 
England J Medicine 263/21/July 1/60). For report of EF Mauer’s Com- 
mittee on Generic Names of Los Angeles County Medical Association, see 
Saturday Review Aug 6/1960, pp 45-46. This advocates public names for 
drugs in prescribing and hospital use. 

Preclinical: E Atkins surveys pathogenesis of fever (Physiol Rev 40/580/60). 
M Finland gives Shattuck Lecture on treatment of pneumonia & other serious 
infections (New Eng J Med 263/209/Aug 4/1960). L Goldberg & Co with 
clinical indications, study pharmacology of chymotrypsin given by inhalation 
(Brit J Pharmacol 15/304/60). WC. Holland & RL Klein analyze physico- 
chemical mechanism of contraction in normal & failing hearts and the action 
of digitalis in their keen book The Chemistry of Heart Failure (CC Thomas, 
Springfield, Ill, 1960, 116pp, $4.5). H Hultgren & W Spickard relate medical 
experience in Peru with much on altitude acclimatization (Stanford Med 
Bull 18/76/60). LS James gives good clinical review of effects of pain relief 
for labor & delivery on the fetus & new born (Anesth 21/405/1960). J Mayer 
& B Bullen survey nutrition in relation to athletic performance (Physiol Rev 
40/369/60). WJ Oram discusses the significance of amniotic fluid (New 
Zealand J Med 59/255/60). LS Rubin suggests pupillary reactivity as a 
measure of autonomic balance in studying psychotic behavior (Trans NY 
Acad Sci 22/509/60). ER Woodward & LA Dragstedt discuss role of pyloric 
antrum in regulating gastric secretion (Physiol Rev 40/490/60). RK Young 
& AL Meiburg offer remarkable suggestions in Spiritual Therapy: How the 
Physician, Psychiatrist and Minister Collaborate in Healing (Harper, New 
York, 1960, 184pp, $3.5). 

For Pediatricians: A Hottinger & H Berger edit Vol VI of Modern Problems 
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in Pediatrics, giving 27 reviews on various physiological and pathological 
aspects of Renal Function & Kidney Disorders in Childhood (S Karger, Basel 
& New York, 1960, 572pp. SwFr 98). 

Preclinical: W Bargman surveys the neurosecretory system of the dienceph- 
alon (Endeavor 19/125/60). PH Berczeller reviews the anabolic steroids 
(Clin Pharmacol Therap 1/464/60). KAP Edman studies zinc binding in 
muscle in relation to relaxation (Acta Physiol Scand 49/82/60). M Errera & 
A Forssberg edit important Mechanisms in Radiobiology, one volume dealing 
with general principles and the other with effects of radiation on multicellular 
organisms (Academic Press, New York 3. Vol 1, 1960, 500pp, $15; Vol 2. 
1960. 375pp. $13). AJ Harrold notes fibrinolysis in joints (Nature 186/1056/ 
June 25/60). E Horvath & Co study peculiar hepatotoxic effects of tannic acid 
(Brit J Exp Path 41/298/60). RL Jungas & EG Ball continue studies on 
metabolism of adipose tissue. noting effects of growth hormone & insulin 
(J Biol Chem 235/1894/60). A Kornberg’s Nobel Prize discussion deals with 
biological synthesis of deoxyribonucleic acid (Stanford Med Bull 18/66/60). 
JM McKenzie describes bioassay of thyrotropin in humans (Physiol Rei 
40/398 /60). AM & A Monnier offer a biochemical model of cell membranes 
Compt rend Soc Biol 154/62/60). CE Rowe & Co note variations in lipid 
synthesis in differing human blood cell types (Biochem Biophys Acta 41/310/ 
60). CM Southam well reviews viral oncolysis (Trans NY Acad Sci 22/657/ 
60). D & MR Stetten survey glycogen metabolism (Physiol Rev 40/505/60). 
F Wuhrman & C Wunderly (with translation by HT Adelson) offer important 
reference source on The Human Blood Proteins: Methods of Examination 
and their Clinical and Practical Significance (Grune & Stratton, New York 
16. 1940. 496pp. 184 illus. $16). MW Young compares photo-and phono- 
receptive afferent pathways (Neurol 10/662/60). 

General: SR Graubard edits interesting symposium on The Russian Intelli- 
gentsia (Daedalus, 89: 436-670. 1960). GP Meredith develops concept of 
semantic resonance in considering models of semantic mechanisms in com- 
municating scientific information (Advance Sci BAAS 17/110/60). I Veli- 
kovsky suggests Greek borrowing from old Egypt in Oedipus and Akhnaton: 
Myth and History (Doubleday & Co., Garden City. NY, 1960, 320pp, $5). 


C. D. Leake 
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